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PREFACE. 



This article on the different forms of Diabetes and 
their various treatments, consists of a part of a course 
of original lectures on the urine and diseases of the 
urinary organs which, with slight modifications, I have 
annually deUvered to medical pra^itioners since the 
year 1856. 

This article was first published in the "Medical 
Times and Gazette," during last year (1865), and it 
is on account of its containing much that is novel, 
both in a practical and theoretical point of view, that 
I have been induced to reprint it in a separate form. 



GEORGE HARLEY. 



77, ffariey Streetf 

Cavendish Square, W. 
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DIABETES MELLITUS. 



In no department of experimental research have results of 
greater value to the clinical physician been recently obtained 
than in that connected with the study of animal saccharine 
matter. Within the last few years, indeed (since 1848), an 
entire revolution has taken place in our ideas of the physi- 
ology and pathology of diabetes ; and, although we have 
still much to learn before we can completely unravel the 
skein of laws regulating the formation and destruction of 
sugar in the animal economy, we have, nevertheless, reason 
to congratulate ourselves upon that which has already been 
achieved, and be sanguine in our expectations of what science 
may yet accomplish. 

Before entering upon the consideration of this important 
era, which dawned within my own time, and whose gradual 
development I have not only watched as an interested spec- 
tator, but occasionally assisted as a conscientious actor, it 
wiU be advisable for me briefly to scan the earlier literature 
of diabetes, in order that you may better appreciate the 
advances that have been recently made, and comprehend in 
what respect the views of its pathology about to be given 
essentially differ from those of my predecessors and contem- 
poraries. 

From time inmiemorial, cases of emaciation, accompanied 
by an inordinate thirst and voracious appetite, had been 
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2 DIABETES HELLITUS. 

observed, and in consequence of the patients so affected being 
at the same time troubled with, an excessive elimination 
of urine, ancient physicians gave to the disease the name of 
Diabetes (8ia, through ; fiaufu, I go). It was not, however, 
until 1674 that the urine was discovered to possess, in some 
cases, a sweet taste, the honour of which discovery belongs 
to an English physician named Thomas Willis. From this 
time henceforth the disease was divided into two classes, one 
of which received the name of Diabetes insipidus (without 
sugar), the other that of Diabetes mellitus (with sugar). 

In 1774, exactly one hundred years after the date just 
alluded to, Mathew Dobson, a physician practising in Liver- 
pool, discovered that the blood as well as the urine in 
diabetes, contains sugar, and from this observation he justly 
concluded that the saccharine matter found in the urine 
is not formed in, but only excreted by, the kidneys. 

In 1778 Cowley succeeded in separating the sugar from the 
urine in a free state. (I may here remark that Bartholdi, so 
early as 1619, called attention to the presence of saccharine 
matter in milk; but this is, of course, a point entirely 
unconnected with diabetes.) 

In 1796 John Hollo, surgeon-general to the Royal Artil- 
lery, made the first important observation regarding the 
treatment of diabetes by discovering that an animal diet not 
only reduces the quantity of urine, but even diminishes the 
amount of sugar daily eliminated. 
. The next two steps were made by foreigners. 

In 1816 M. Chevreul ascertained that the saccharine 
matter met with in diabetic urine differs from ordinary cane 
sugar, and closely resembles that of the grape. 

In 1826 another important step was gained by Tiedemann 
and Gmelin discovering that starch is transformed into sugar 
during its passage along the alimentary canal. 

In 1837 the next observation of interest was made by 
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M'Gregor, of Glasgow, who found sugar in the Tomited 
matters of diabetic patients — an observation which seemed to 
confirm Hollo's idea that the disease arises from the gastric 
juice turning vegetable food into sugar ; and from that time 
till the present animal diet was consequently considered our 
sheet anchor. 

We now arrive at an entirely new phase in the literature of 
diabetes, in which the teachings of the sick chamber gave 
place to those of the laboratory. 

In 1848 the physiological world seemed as if struck by 
a thunderbolt when Bernard proclaimed that animals, as 
well as vegetables, had a sugar-creating power. Until then 
all the saccharine matter met with in the human body, 
whether in health or in disease, was supposed to originate 
in the transformation of vegetable substances. And now, 
for the first time, were we made alive to the startling fact 
that men, like sugar-canes, possess within themselves a 
saccharine manufactory ; the liver being daily and hourly as 
actively engaged in fabricating sugar as in secreting bile. 

Like all great discoveries, the rays of this one were not 
limited to its own field of inquiry, but broadly reflected over 
the various departments of scientific Medicine. By it new 
ideas were awakened, new discoveries made, and even at the 
present hour the impetus it gave to original research is still 
alike perceptible in the laboratory, in the dead-house, and in 
the clinical ward. In connection with the subject of diabetes 
alone, the following may be reckoned as a few of the more 
important discoveries to which it led : — 

In 1849 Bernard discovered that the disease can be arti- 
ficially communicated to animals by pricking the floor of the 
fourth cerebral ventricle. 

In 1853 I disdovered that diabetes may be artificially 
induced in animals by exciting the liver through means 
of stimulants, such as alcohol, directly introduced into the 
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portal Circulation. An observation which explains the well- 
known fact that diabetes is a much more common disease in 
ipirit-drinking than other countries. 

In 1855 Bernard discoyered that the formation of sugar in 
the liyer cannot be regarded in the light of a " vital " process, 
as it goes on, not only after the death of the animal, but even 
after the removal of the liver from the body. 

In 1856-7 Chauveau and myself gained another piece 
of ground by ascertaining that the sugar normally present 
in the circulation is not burned off in the lungs, as hitherto 
supposed, but disappears from the blood in its transit 
through the capillaries of the general circulation. The 
function of the saccharine matter most probably being to 
nourish the body. 

In 1857 Bernard made the additional discovery, that before 
albuminous substances are converted into sugar, they first 
pass through the transitional stage of glucogene (animal 
starch). 

Lastly, in 1859-60 Briicke and Jones ascertained, by careful 
experiment, that traces of sugar are even to be detected 
in normal urine — an observation which, we shall afterwards 
see, has an important bearing on the pathology of diabetes ; 
for, as I stated in a previous lecture, it may be regarded as a 
fundamental law that in disease neither new substances nor 
new functions are created. Morbid phenomena being merely 
the result of a change in the quantity and quality of normally 
existing agents and agencies. 

Chemistry, 

Although every one knows, or at least imagines he knows, 
a good dea] about the nature and properties of sugar, I shall 
venture to say a few words upon the subject ; for the more 
extensive our knowledge, the easier will be the comprehension 
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of this hitherto-regarded inexplicable disease. And on the 
present occasion it is the more necessary for me to do so, 
seeing that I differ from my predecessors and contemporaries 
in belieying that there are at least two distinct forms of the 
disease, requiring diametrically opposite lines of treatment — 
an opinion which I shall presently show is as much in accord- 
ance with the teachings of the bedside as of those of the 
laboratory. 

The term ** sugar'* is applied to a great variety of sab- 
stances, the common essential character being their sweet 
taste. Chemists have, howerer, drawn broad distinctions 
between the different forms of saccharine matters, the proper- 
ties of which are exceedingly yaried. But for the sake of 
conyenience they haye been diyided into two great classes — a 
fint and a second — according to the manner in which they are 
acted upon by acids, and alkalies. 

To the first class, of which cane stigar is the type, are giyen 
all those that are easily crystallized, and which, when boiled 
with an alkali, are not decomposed, but ex^ter into combi- 
nation with it to form a saccharate of the alkali. 

To the second class, of which grape sugar is the type, are 
awarded those which are not easily crystallized, and which, 
when boiled with an alkali, are transformed into the acids of 
molasses — glucio and melassic acids. 

When acted upon by acids, on the other hand, an equally 
remarkably feature of distinction is obseryable in these two 
classes of sugar ; for while sugars of the second class remain 
apparently unaffected, sugars of the first (cane) are rapidly 
transformed into those of the second class (grape). 

These changes are easily illustrated. If, for example, 
I boil a little sugar candy (a sugar of the first class) with 
potash, no apparent change is yisible ; whereas, if before 
boiling it with potash I heat the solution of sugar candy in a 
test tube along with a couple of drops of hydrochloric acid, 
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on adding the potash, the whole liquid beeomea of a dark 
brown colour in consequence of the grape sugar (a sugar 
of the second class) which was formed by the action of 
the hydrochloric acid upon the cane sugar being instantly 
decomposed by the potash into the acids of molasses (glucie 
and melassic). 

Just as the yegetable kingdom furnishes us with the two 
great types of sugar, cane and grape, so the animal kingdom 
yields to us their representatiyes in the form of milk, and 
liyer sugar; milk sugar being the analogue of cane, liyer 
sugar of grape. For example, the sugar of milk is readily 
crystallized, is unaffected by alkalies, but easily transformed 
into liyer sugar by the action of acids. Liyer sugar, on the 
other hand, is crystallized with difficulty, unaffected by 
acids, but rapidly decomposed by alkalies.* 

Eyen the relatiye distribution of the two classes of sugar in 
the yegetable and animal kingdom is nearly identical; for 
just as in the yegetable world the sugars of the second greatly 
preponderate oyer those of the first class, so in the animal 
economy, while the second class sugar is to be encountered in 
the blood, the liyer, and the iirine, that of the first class 
is limited to the mammary secretion alone. 

Testa for Saccharine Urine. — A great yariety haye been 
proposed, but I shall only enumerate those possessing a real 
practical yalue. 

1st. Specific Qrayity. — Saccharine urine is generally, 
though not always, of a high specific grayity, ayeraging from 



* By combining liver sugar with cliloride of sodium (common salt), 
Berihelot and De Luca have succeeded in obtaining large, colourless, 
transparent crystals, the watery solution of which ferments with yeasty 
and reduces the oxide of copper. The composition of the crystals, as 
ascertained by analysis, is represented by the accompanyiog formula— 
2Ci3HuOu.2HO + NaCl. The authors conclude therefrom that liver sugar 
i& not only exactly the same as that found in diabetic urine, but that it is 
also identical with the sugar of the grape.— Compt.-iSend, v(^ xlix. » p. 21S. 
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1020 to 1040. The specific grayity may be much higher, or 
much lower, even independently of the amount of sugar 
it contains. For, in diabetic urine there is generally a large 
excess of urea, which greatly adds to its specific gravity ; and 
occasionally, on the other hand, the disease is accompanied 
with an albuminuria sufficient to reduce the specific gravity- 
even to below the normal standard. The specific gravity 
itself is therefore no criterion of the amount of sugar contained 
in any given specimen of urine. 

2nd. Potash Test. — To a drachm of urine in a test tube 
add an equal bulk of a solution of potash of the specific 
gravity of 1060. Heat tbe upper half of the liquid in the 
fiame of the lamp uutil it boils ; then mark the change. 
If sugar be present, the upper boiled portion of the liquid 
changes colour, and becomes yellow or brown, in proportion 
to the amount of saccharine matter in the liquid. The 
browning being due to the transformation of the sugar into 
glucic and melassic acids. The lower cold half of the liquid, 
on the other hand, by remaining unaffected serves as a 
standard of comparison. 

3rd. Copper Test. — To a drachm of urine add half a drachm 
of the potash solution. Shake the mixture, and afterwards 
add a few drops of a solution of sulphate of copper ; * 
just sufficient to produce a pale blue tint when the whole 
is agitated. Boil the liquid from the bottom, and if sugar 
be "present the blue colour will disappear, and a yellow 
or red precipitate form, according to the amount of sugar 
present in the urine. 

The chemical steps of this process are as follows : — When 
sulphate of copper (SOsCuO) is added to a solution of caustic 
potash (KaO), the sulphuric acid combines with the potash 



* The most convenient strengtli I find Ib ten grains to the ounce 
of water. 
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to form a soluble stilphate, and the oxide of copper separates 
in the form of a gelatinous precipitate, which, howeyer, 
in consequence of the presence of organic matter, remains 
suspended in the urine. 

SOaCuO +KaO = SOsKaO + CuO. 

The next stage in the process is produced by the heat 
causing the sugar to oxidise itself at the expense of the oxide 
of copper ; whereby the yellow suboxide is thrown down. 

If much sugar be present, and the boiling is continued 
sufficiently long, aU the oxygen is withdrawn from the 
copper, and the red metal is precipitated on the bottom and 
sides of the test tube. 

N.B. — Should the urine contain albumen, the albumen 
must be separated by the aid of heat and acetic acid before 
applying the copper test. Otherwise, on adding the sulphate 
of copper to the urine + the potash, a mauye instead of 
a blue liquid will be obtained ; and, on boiling, no reduction 
of the copper will occur unless a large excess of sugar 
be present, the liquid merely changing its tint from a mauye 
to a purple, and from a purple to a red colour. 

When the urine contains bile pigment, or is otherwise high 
coloured, and the sugar is present in small quantity only, it is 
necessary to decolourise the urine before adding the reagents. 
For this purpose, put an ounce or two of urine into a six- 
ounce bottle along with a tablespoonfiil of animal charcoal 
and a small pinch of carbonate of soda. Shake the mixture 
well for a few minutes, and then filter. A perfectly colourless 
liquid will thus be obtained, and greatly facilitate the appli- 
cation of both the copper and potash tests. 
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A great deal has been loid about the fallacies likely to arise 
from the pregence of uric acid, cotton flbiea, cUoroform, etc., 
in the urine. All I can Bay is, tliat during a fifteen yean' 
expeiience, I have never encountered them. In all cases 
of doubt, liowever, in addition to the potash and cupper, 
I inTaiiably apply the fermenCfttion test. 

ith. Fermentation Teat. — The eaaieet way of applying 
this to urine is to employ an apparatus like that represented 
in the accompanying woodcut. 

A test tube, of about six inches 
long and three- quarters of an inch 
in diameter, is tobe fitted by means 
of a piece of cork with a piece of 
ordinary small glass tubing bent 
to the shape of a syphon iu the 
, flame of the spirit lamp. When 
ready for use, the tube ii filled 
brimful of urine, to which a few 
drops of baker's yeast have been 
added. The syphon is next fixed 
in the tube by means of the well- 
fitting cork, and the &ee end - 
allowed to dip into a glass con- 
veniently placed to receive the liquid as it is driven out 
of the tube by the carbonic acid generated during the process 
of fermentalian. Each equivalent of sugar is transformed 
into one of alcohol and four of>carbonic acid gas, so that 
erery seventeen cubic centimetres of carbonic acid erolved is 
equivalent to one grain of sugar decomposed. 

During the fermentation process the apparatus must be 
kept in a moderately warm room. 

When diabetic urine is set aside for a few days it frequently 
ferments spontaneottsly, and the liquid becomes filled with 
tomlss, or sugar fungi, which can be readily recognised with 
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the microscope. They consist, like the common yeast plant, 
of a number of spores strung together in short rows like 
beads. The sporules of torulse are, however, smaller than, 
those of yeast, their relative size being represented in Fig. 25. 
In a few cases I have seen spores of torulse spontaneously 
form in urine within twenty-four hours after its emission, 
although, as a rule, about thirty-six hours are necessary for 
this development. 

Fm. 25. 
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Fio. 25. — a. Sporules of TonUa Cervisise from diabetic iirine. 6. Spores 

from baker's yeast. 

Quantitative Analysis, — At one time the quantitative deter- 
mination of sugar was a long and tedious process, but now 
by adopting the following method I find it both quick and 
easy. Three solutions must be retained in readiness : — 

Ist. A standard solution of sxilphate of copper, made by 
dissolving 34*63 granmies (536*76 grains) of dry sulphate of 
copper in 1000 c. c. (32*26 q^.) of distilled water. 1 c. c. of 
this solution represents 0*005 gramme of dry diabetic sugar. 

2nd. A solution of caustic potash of the specific gravity of 
1060. 

3rd. A saturated solution of the bitartrate of potash. 

The object of keeping these solutions separate, instead 
of combining them as is usually done, is in order to avoid the 
danger of the spontaneous reduction of the oxide of copper, 
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which inyariably takes place sooner or later in all the ordinary- 
standard solutions. Having the solutions at hand, place before 
you two porcelain capsules, each containing an ounce of 
distilled water ; to which add 20 c. c. (measured in glass A, 
Fig. 8.) of each of the solutions, first adding the copper, then 
the bitartrate, and lastly, the caustic potash. Next take the 
measure B, Fig. 4, and pour into it 10 c. c. of urine, and 
dilute with 90 c. c. of water. The mixture will thus amount 
to 100 c. c. 

The succeeding step is to put one of the capsules oyer the 
spirit lamp, and as soon as its contents begin to boil add, drop 
by drop, the diluted urine, until the blue colour of the liquid 
entirely disappears. Then place it aside in order that the 
reduced copper may fall to the bottom, and allow you to 
judge by the depth of colour of the supernatant liquid if 
much of the oxide of copper still remains to be precipitated. 
While this is going on, boil the contents of the second 
capsule, after adding to it an amount of dilute urine equal to 
that which was employed in the first experiment ; and should 
the supernatant liquid in the first capsxile turn out to be still 
blue, add, in addition to the amount already used, 5 c. c. of 
dilute urine. After boiling for a few minutes, place it aside 
in order that its reduced copper may fall down, and repeat 
the same thing with the other capsule until the exact quantity 
of dilute urine required to reduce the 20 c. c. of standard 
copper solution be ascertained. So soon as that is accom- 
plished, all that is required in order to find out the quantity 
of sugar eliminated by the patient in twenty-four hours is to 
divide the total number of c. c. of urine passed by the 
number of c. c. of dilute urine required to reduce the 
20 0. c. of copper solution. 

Suppose, for example, the patient passed, as in case now 
before me, 3,720 c. c. of urine in twenty-four hours, and 
26 c. c. of dilute urine were required to reduce the oxide of 
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copper, the 3,720 divided hj 26 would give the niimber of 
grammes of sugar contained in the twenty-four hours' urine. 

3,720—26 = 143 grammes in the 24 hours' urine. 

Should the urine contain yery little sugar, it is quite 
unnecessary to dilute it ; and in that case, the calculation is 
made in the usual way, as for example, for urea. 

Those who have not the means of making a quantitatiye 
analysis in the way aboye described may adopt the simpler, 
though less exact, method proposed by Dr. William Roberts. 
The following is the mode of procedure : — 

1. Four oimces of urine are placed in a twelye-ounce 
phial, with a lump of German yeast of the size of a small 
walnut. 

2. This is loosely corked, or coyered with a slip of glass, 
and placed in a warm place to ferment. 

3. A companion phial fiUed with the same urine — say a 
three-ounce phial — ^is tightly corked, and placed beside the 
fermenting phial. 

4. In about twenty-two hours, when fermentation has 
ceased, the two phials are removed, and placed in some cooler 
part of the room. 

6. Two hours after — that is, about twenty-four hours from 
the commencement of the experiment — the contents of the 
phials are separately poured into cylindrical glasses, and the 
density of each observed. 

6. The difference between the two specific gravities is thus 
ascertained, and every degree of ** density lost " indicates one 
grain of sugar per fluid ounce of the urine. 

Crystals of diabetic sugar may be prepared by simply 
evaporating a few drops of urine to dryness on a glass slide. 
But this is only possible when the urine is very rich in 
sugar, and contains but little urea, and other salts. The most 
characteristic form of crystal is that of of the rhomboidal 
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priim occasionally uronged la arborescent tafU, u le- 
presented in the accompanjiog drawing (Fig. 26), wliich wm 
kindly made for me by Mr. T. R. Lay, one of tbe gentlemen 
attending my practical class. Sucb erystols are in general 
called diabetic sugar ; but I belieye them to be a combination 
of sugar and chloride of sodium, for except in the presence of 
chloride of sodium, diabetic sugar ncTer aBBumes a so 
regularly prismatic form of crystallisation. Oibb says that 
irhen diabetic urine contains a larger proportion of salts, the 
sugar crystallises in little circular maaaes, with minute 
crystals projecting from the surface. The masses appear to 
be made up of an aggregation of flat plates of sugar, and, 
when examined on a dark ground, resemble lumps of the 
irell'known barley-sugar. 

FiQ. 26. 




Fio. H. — Componnd crystals of dlatieUc sugar b 
taneotuly formed la coocsatrated bbuiAn urine, 
power, b. Highl; magiu£ed 



PAgliology. 
a be philosophical as well as practical, it is 
ire should thoroughly understand the oiigin 
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and destruction of the sugar met with in the animal economy. 
I shall, therefore, now proceed to the consideration of the 
physiology of diabetes. 

That sugar is a normal constituent of the human frame is 
easily shown by withdrawing an oimce of blood from a 
healthy man in full digestion, and allowing it to fall drop by 
drop into a couple of ounces of boiling water faintly 
acidulated with acetic acid. By so doing all the albuminous 
matters are so firmly coagulated, that on filtration a perfectly 
colourless liquid is obtained, and on applying to it the copper, 
potash, and fermentation tests, the existence of sugar can be 
demonstrated with facility. Should the patient have had a 
mixed meal, a great part of the sugar found in his blood will 
haye been directly obtained from the food. This opinion is 
opposed to the view of Bernard, who on finding that animals 
have the power of making sugar out of albuminous substances, 
fell into the error of supposing that all the saccharine matter 
met with in the human body must of necessity be the product 
of the liver. The results of my experiments on animals have 
led me to an entirely opposite conclusion, in as far as the 
omnivora and herbivora axe concerned. This opinion I 
arrived at from finding abundance af saccharine matter in the 
blood of the portal vein and chyle of the thoracic duct of a 
dog, three hours after he had partaken of a quantity of 
horse* fiesh, to which had been added a couple of ounces of 
soft sugar. 

Even in those cases where the patient has had a mixed 
diet, without, however, having partaken of any sugar in a 
free state, I still maintain that a great part of the saccharine 
matter met with in the blood is the direct product of the 
food, for the following reason : — All vegetable foods, such as 
bread, turnips, carrots, potatoes, etc., contain a large quantity 
of starch, which starch during its passage along the alimen- 
tary canal is all, or nearly all, converted into sugar through 
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the agency of the digestive juices, especially of the saliya 
and pancreatic fluids. 

The transformation of amylaceous matters into glucose 
during their sojourn in the alimentary canal is not the result 
of accident, but the sequence of an unalterable law, which is 
equally in force in or out of the body, so long as the physical 
conditions necessary for its action are in operation. Thus, if 
an ounce of boiled arrowroot, in a test<tube, be mixed with a 
little saliva, or haye added to it half a dozen drops of pan- 
creatic juice, all the starch contained in the arrowroot will 
infallibly be changed into sugar in the course of a few 
minutes. And for this operation the intervention of no other 
agency than that of a temperature equal to that of the 
human body is required. A precisely similar change occurs 
in the animal organism, and the sugar thus formed, is 
absorbed by the mesenteric veins and lacteals, and of 
necessity forms part of that met with in the circulation. 

As regards carnivora, on the other hand, Bernard's assertion 
is strictly correct, as the result of the following experiment 
will prove. The experiment was most carefully performed 
some years ago by Professor Sharpey and myself, with the 
view of ascertaining not only if sugar exists in the blood of 
carnivora, but if sugar is actually present in the blood of the 
healthy animal at the moment of its withdrawal from the 
circulation. 

From the femoral artery Of a dog fed solely, during four 
days, on boiled flesh, perfectly devoid of sugar, one and a 
half ounces of blood were allowed to flow directly into 
boiling water, acidulated with acetic acid, and when the clear 
filtrate from this blood was tested, it gave unmistakable 
evidence of sugar, which sugar must have been formed in 
the anunal's body, seeing that not a particle of saccharine 
matter was introduced with the food. It is quite unnecessary 
for me to cite another experiment in order to prove that the 
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animal organism has a sugar-creating power, for Nature has 
herself supplied the proofs. Is sugar not a constant ingredient 
of the normal milk of the flesh-eater, as well as of the 
vegetable feeder ? Most assuredly it is. If the animal body 
cannot form sugar, from whence does the milk of the 
camivora receive its supply ? For example, where does the 
sugar found in the milk of the polar bear come from if it is 
not manufactured by some organ or other in the animal's own 
body ? Not only does the polar bear live on animal diet, but 
on the flesh of animals, such as the walrus and seal, whose 
chief food is flsh, which flsh, in their turn, are not usually 
supposed to live upon vegetable matter. As regards this 
point, I am even inclined to go a step further than Bernard, 
and not only assert that the carnivorous animal has the 
power of forming sugar out of albuminous substances, but 
that even in the case of the herbivorous animal the sugar 
met with in its milk is not directly obtained from the 
digestive canal. This, I think, is proven by two facts. 

1st. Milk sugar possesses certain special characters which 
distinguish it from all vegetable sugars. 

2nd. Milk sugar, although abundantly present in milk, 
has not yet been detected in the circulation. The natural 
conclusion, therefore, is, that it is formed by the mammary 
gland. 

Consequently, it is perfectly clear that there must be at 
least one organ in the body capable of forming sugar. 

Now comes the question — In what organ of the body is 
the sugar formed which is met with in the general circulation 
of the camivora? Answer — The liver. Why the Uver? 
Because, in the case of the carnivora, the blood proceeding 
to the liver is devoid of sugar, while that coming from it 
is rich in saccharine matter — richer, indeed, than the blood 
of any other organ of the body. As Bernard may be 
considered in the light of an interested party, and I have 
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already cited some of my own experiments, I shall now quote 
three from an entirely independent obseryer — Schmidt, of 
Dorpat ; * the results of which are as follows : — 

Percentage of sug^r in 
Portal vein. Hepatic vein. 

1st dog (on animal diet) . . 0*00 0*93 

2nd MM . . 0*00 0*99 

3rd M (fasting during two days) . 0*00 0*51 

These results I hare again and again confirmed, so that 
there is not the slightest doubt left in my mind regarding 
their yalidity, and I belieye that they furnish us with the 
key to the well-known fact that some diabetic patients, even 
when totally restricted to animal diet, still pass a large 
quantity of sugar. 

Having now ascertained that the healthy blood always 
contains sugar, and that when the saccharine matter is not 
obtained from without the body manufactures it for itself, 
the next point is to determine if sugar be absolutely essential 
to life, and what use or uses it is put to in the animal 
organism. 

We must begin by finding out if the quantity of sugar in 
the blood is always the same, or if it be liable to yariation ; 
and to what extent. 

From the results of a series of experiments made many 
years ago, I came to the conclusion that the amount of sugar 
present in the arterial blood of healthy animals is subject to 
great fluctuations, yarying from an almost inappreciable 
quantity, after long fasting, up to 0*24 per cent, during the 
time of full digestion. In the hepatic yein the amount, 
Bernard says, may eyen be as much as 2 per cent. 

The quantity of sugar present in the general circulation 

• — 

* C&mpt. Rend., vol. xUz., p 68. 

C 
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seems to follow a definite law, for it goes on gradually in- 
creasing as digestion advances, and as gradually diminishing 
as we approach the period for the next meal, — the maximum 
being reached four or five hours after food, the minimum 
during fasting. Saccharine matter does not entirely disappear, 
howeyer, from the circulation till after prolonged fasting. 
ChauTcau found as much as 0*05 per cent, in the blood of a 
dog, and 0*09 per cent, in that of a horse kept during three 
entire days without food. In these cases, as the animals were 
of course forced to liye on their own tissues, the sugar formed 
by their liyers must hare been made out of some one or other 
of the constituents of the blood. 

The rise and fall in the amount of sugar in th^ circulation, 
according to the state of the digestion,^ is clearly the key 
to another often-observed pathological fact — namely, that 
in all cases of diabetes the amount of sugar in the urine is 
subject to great fluctuations during the course of the day ; 
while it furthermore explains why in some slight cases of 
diabetes sugar is only to be found in the urine a few hours 
after a meal. 

Haying said that the amount of sugar in the blood fluctuates 
according to the stage of the digestion, it may now be added 
that the amotmt of saccharine matter present in the circula- 
tion varies in proportion to the quality and quantity of the 
food. The results of a series of experiments performed in 
1858 before the Practical Physiology Class at University 
College furnish us with the following data : — 

In the arterial blood of the carotid artery of three dogs, 
four hours after having been exclusively fed on horse-flesh, 
an average of 0*08 per cent, of sugar was found; whereas 
eight days subsequently, after these same dogs had been 
freely supplied with mixed diet, consisting of bread, meat, 
and potatoes, the ayerage amoimt of sugar in the arterial 
circulation four hours after feeding rose to 0*22 per cent., — 
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hereby affording a physiological explanation of the well- 
known pathological fact that purely animal diet diminishes, 
while Tegetable or mixed diet increases, the amount of sac- 
charine matter eliminated by the kidneys. 

I must now call attention to the fact that, although the 
quantity of sugar present in the circulation is constantly fluc- 
tuating, the amount found in the liyer remains comparatively 
imaltered. Thus, for example, Bernard foiud, about the 
same period after death, an average of 1^ per cent, of sugar 
in the liyers of dogs fed exclusiyely on animal diet, on mixed 
food, and on vegetable matter, — a result which, from showing 
that the amount of sugar present in the liyer is but slightly 
influenced by the kind of food, led him into the erroneous 
idea that diet has no influence on the amount of saccharine 
matter manufactured by that organ ; — a mistake which has 
constantly brought him into difficulties while attempting to 
reconcile it with other entirely opposed facts, — such, for 
example, as the effects of different kinds of foods upon 
diabetic patients. 

The reason why the amount of saccharine matter remains 
comparatiyely stationary in the liyer while it is constantly 
fluctuating in the circulation arises from the circumstance of 
the sugar not being stored up in the hepatic cells, but poured 
into the vessels as quickly as it is formed; therefore the 
quantity which the liyer at any time contains cannot be 
accepted as a criterion of the amount which the organ pro- 
duces. Had Bernard gauged the amount of saccharine matter 
present in the blood, instead of in the liver, after each parti- 
cular kind of diet, and drawn his conclusions from the results 
thereby obtained, he could not possibly have fallen into the 
above-mentioned error. 

Having thus far traced the rationale of saccharine urine, 
we have still to advance a step further, and inquire whether 
animal food is directly transformed into sugar, or if there is a 
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transition stage in the process between protein substances on 
the one hand, and saccharine matter on the other. In the 
case of amylaceous foods, we haye already seen there is no 
connecting link, but that, during their passage along the 
alimentary canal, they are at once transformed into sugar by 
certain of the digestiye juices. With protein substances, 
howeyer, the case is Tery different ; for, ere they can be 
changed into saccharine matter, they must first be resolved 
into something resembling starch. 

I am constantly telling my students that Nature does 
nothing on a small scale; and the more we study her the 
more we are forced to admire the uniformity and extensiye 
applicability of her laws. In the vegetable and animal king- 
doms we not only encounter analogous substances, but we 
find that they are endowed with similar properties, and 
respectiyely perform similar functions. We already saw 
that, while the sugar of the cane has its analogue in that of 
the milk, the sugar of the grape has its analogue in that of 
the liyer. I haye now to point out how eyen yegetable starch 
has also its analogue in the animal world. 

Although the discoyery of a substance in the animal body 
possessing the properties of starch had been long suspected, 
it was not until 1857 that a large enough quantity was sepa- 
rated in a sufficiently pure state to admit of its being 
subjected to elementary analysis, and thereby allow its 
striking affinities to yegetable starch to be demonstrated. 
To Bernard belongs the credit of haying first obtained this 
substance from the liyer in a free state, and shown its direct 
conyertibility into saccharine matter, in consequence of which 
he appropriately gaye to it the title of glucogene. 

Glucogene has such a striking resemblance to yegetable 
starch that a short description of its appearance and pro- 
perties will not be out of place. Like ordinary starch, it is 
a neutral, white, odourless, insipid substance; soluble in 
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water, but insoluble in alcohol and acetic acid. When boiled 
with dilated mineral acids, or treated with either saliya 
or pancreatic juice> it is transformed, like other amyloid 
substances, into sugar of the second class. That is to say, 
into a sugar possessing the property of reducing the oxide of 
copper, and of being decomposed by caustic potash into 
glucic and melassic acids. MoreoTer, it is also, like starch, 
transformed by faming nitric acid into xyloidine, a combus- 
tible substance, which detonates with flame when heated 
to 180°. — Poggiale.* On the other hand, it differs from 
ordinary starch in giving with the tincture of iodine a 
reddish violet, instead of a deep blue colour. In which 
respect, therefore, it appears to stand between starch and 
dextrine. 

The easiest mode of extracting glucogene from the liver is 
to add to a concentrated aqueous decoction of the hepatic 
substance an excess of glacial acetic acid, which instantly 
precipitates all the glucogene, and leaves the albumen in 
solution. The precipitate is then separated by filtration, 
redissolved in water, and again precipitated by absolute 
alcohol ; the process beiag repeated until the substance 
separates in a perfectly pure state. 

While giving credit to Bernard for being the first to 
extract glucogene from the liver, I must not omit to yield to 
Hensen his proper meed of praise in having foreshadowed 
the discovery by his researches on the saccharine function of 
the liver published in 18d6,t in which he stated that he had 
found in the liver of rabbits a yellow substance transformable 
into sugar by the action of saliva, pancreatic juice, and even 
portal blood. 

According to Pelouze, glucogene is composed in 100 
parts of 

* Brown-S^uard's Journal^ 1858, p. 549. 

t Verh. Med. Phy, Qeull, WtLrsburg, voL vit, part 11, 1856. 
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Oxygen . . . .54*1 
Carbon • . . .39*8 
Hydrogen . • . .6*1 

100*0 

Glucogene has been detected in the liyers of all animals in 
which it has hitherto been sought for, no matter whether they 
were animal or yegetable feeders, and consequently the 
hatural conclusion is, that the liyer possesses the power of 
forming it out of animal as well as vegetable food. But 
while, in the case of camiyora, glucogene is only met with in 
the liyer, in that of the herbiyora it has been encountered in 
yarious other situations : for example, Poiseuille and Lefort 
found in the blood of a bull 0*073 per cent. In the chyle 
0*123 per cent., and in the lymph 0*266 per cent.* It is 
eyen to be met with in the muscles. Here is a beautifully 
pure specimen of glucogene, giyen to me by Professor Scherer, 
which he obtained from the muscles of the horse. Moreoyer» 
the quantity of glucogene in the liyers of herbiyora is many 
times greater than that met with in those of the carniyora. 

Now comes the question. What are the uses of glucogene 
in the animal economy ? 

We all know that starch, as starch, cannot nourish the 
body, and from certain facts presently to be related it is 
highly probable that glucogene must, like ordinary starch, 
be transformed into saccharine matter, before it can play its 
part in the intricate processes of life. We already know 
that at least a great part of the glucogene formed in the 
liyer is changed into sugar before it is permitted to leaye 
that organ. We are also acquainted with another exceedingly 
interesting and important fact, namely, that, be the trans- 
forming agency what it may, it is quite independent of any 



Oomptet-Rendut, April 5, 1868, p. 645. 
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go-called vital influences. The transformation of glucogene 
into sugar appears to follow the same unalterable law as that 
already noticed regarding the transformation of ordinary 
starch, for not only does it continue in force after the death 
of the animal, but even after the removal of the liver from 
the body. All that is required apparently being the sustain- 
ing the organ at a certain temperature. 

This assertion can be easily proved by taking the liver of a 
healthy animal, and after it has been, as far as possible, com- 
pletely freed from sugar by passing a current of water through 
its vessels, keeping it in a warm apartment for six or eight 
hours. The tissues of the organ will then be found saturated 
with sugar, although only a small quantity could be detected 
immediately after its removal from the body. 

The results of the following experiment,* which was 
performed by Professor Sharpey and myself, will give a 
tolerable idea of the rapidity with which glucogene is trans- 
formed into sugar in a liver after its removal from the body : — 

A dog which had been previously fed on animal diet 
received a full meal of bread and milk. Five hours after- 
wards the animal was pithed, and a portion of the liver 
rapidly sliced off and immersed in a freezing mixture. The 
portion of frozen liver was found to contain only 0*338 
per cent, of saccharine matter ; whereas another portion 
of the same liver, which had not been frozen, after having 
stood two hours, was found to contain 1*55 per cent. — that is 
to say, nearly fivefold more of sugar, which sugar had, 
of coiurse, formed at the expense of the glucogene after the 
death of the animal. The 0*333 per cent, represents, of 
course, the amount of sugar present in the liver at the 
moment of death — an amoimt which appears insignificant 
until it is recollected that during life the sugar formed in 

* Proceedingt at the Royal Society, No. 38, p. 289. Larieet, October 20, 
1860, p. 886. 
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the liver is remoyed from it with every pulsation of the 
heart ; consequently, the quantity poured into the circula- 
tion during the twenty-four hours must be very considerable, 
notwithstanding that during life only a fractional part of 
a per cent, is present in the organ at any one time. 

I may here mention that it is this circumstance now alluded 
to, of there being but a very small quantity of sugar in the 
hepatic organ at the moment of death, while a large amount 
is to be found some hours afterwards, which has led Dr. Payy 
into the error of supposing that the formation of sugar in the 
liver is in all cases due to a post-, instead of an ante-mortem 
cause. Were we to adopt such a mode of reasoning, we 
might, with equal justice, say that no starch is changed into 
sugar in the digestive canal during life ; for as its trans- 
formation likewise still continues after death, the longer we 
delay in making the analysis the greater is the amount 
of sugar there found. In fact, under certain circumstances, 
the duodenum of an animal, immediately after death, may 
contain only a trace of sugar, and yet an enormous amount 
be found in it in about half an hour later. The reason 
of this being, that so long as the animal lived the sugar was 
absorbed from the intestine by the veins and lacteals, as 
rapidly as it was formed. Whereas, although when it died 
the absorption process became arrested, the transformation of 
the starch into sugar by the pancreatic juice still went on. 
I need not take up any more time by discussing this question 
here ; but refer those specially interested in the subject 
to the published writings of Thudichum,* Beale,t and 
myself. :( I may only further remark that, even supposing 
that not a trace of sugar could be detected in the liver imme- 
diately after death, it would be no more scientific evidence 



♦ Brit. Med. Jour., March 17, 1860. 

t " Urine and Calculi" Second edition, p. 236. 

t Proc. Roy. 8oe, No. 38, p 289. 
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that the liver did not manufacture sugar during life, than the 
finding no urine in the kidneys after death would be that the 
normal function of these organs was not to eliminate urine. 
A few more substantial data than any hitherto brought 
forward are required, ere we can yenture to accept of nega- 
tiye results in the place of positive facts. 

The next point is, *' What becomes of all the saccharine 
matter?" Bernard thought that it was burned ofif in the 
lungs, its chief office being to sustain the animal heat ; but, 
as Chauveau and I pointed out, such a doctrine is utterly 
untenable, seeing that when the experiments are properly 
performed there is almost as much sugar to be found in the 
blood returning from the lungs as in that going to them. 
Thus, for example, in a fasting animal I found that while 
the blood of right side of the heart contained 0*10 per 
cent, of saccharine matter, that of the left contained very 
little less— namely, 0*085 per cent* In another experi- 
ment, performed upon a cat, the blood of the right side of 
the heart contained 0*18 per cent, of sugar, and that from 
the left an exactly similar amount ; and in order to be 
certain that no mistake had been made in the determination 
of the sugar by the volumetric process, I carefully collected 
the reduced oxide of copper, dried, and weighed it. The 
amount of precipitate from both bloods was identical. 

When one takes into consideration the nature of the 
lungs, he cannot be surprised at these results ; for the 
lungs are not laboratories, like the stomach, but merely an 
aggregation of little sacs whose function is purely physical 
— at least, in so far as respiration is concerned. The only 
^* vital" offices they perform are simply those required 
for their own development and preservation. The absorption 
of oxygen and exhalation of carbonic acid would perhaps 

*' For the manner in which the experiments were performed, see the 
author's paper in the JMtWi and Foreign Qnarterlp Review, July, 1857, p. SOI. 
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go on jiut in the same way if a piece of goldbeater's skin 
supplied the place of the air vesicles ; for the blood arriying;^ 
there for the purpose of arterialisation never leaves the 
capillaries to become in any way incorporated with their 
• tissue. 

Does the saccharine matter disappear, then, in the capil- 
laries of the general circulation } It would appear so» for 
both Chauveau and myself have proved, by carefully exe- 
cuted experiments, that less sugar is to be found in the 
veins returning from a limb than exists in the arteries going 
to it. Thus, in the blood from the femoral artery of a 
middle-sized dog in full digestion I found 0*24 per cent., 
while that of the corresponding vein contained only 0*16 
per cent, of saccharine matter. From its thus disappearing 
in the capillaries, one is naturally led to believe that it 
plays a part in the nutritive process. We know, indeed, 
that while bees have the power of transforming sugar into 
wax, man and other animals change it into adipose tissue. 
The negroes are said to become fat and lazy during the 
sugar harvest from sucking the fresl\ canes, and long before 
the days of Bantingism all medical men were aware that 
babies fatten on sugar quicker than anything else. In 1856, 
while investigating the uses of sugar in the animal economy, 
I gave cats and dogs large quantities of sugar-candy along 
with their other food, and I invariably found that, although 
they all seemed to like the mixture, and became fat and 
sleek upon it, a period at length arrived when they notably 
ceased not only to gain weight, but also to relish the food. 
In fact, at length some of them would rather starve than 
touch meat mixed with sugar. It must be remembered, 
however, that I was giving them enormous doses — ^from two 
ounces to a quarter of a pound daily. When the sugar 
was given in moderation no such effects were observed. 
The last point connected with the physiology of the gluco- 
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genie function which it is essential for us, as Practitioners, 
to understand, is the origin of the nerye-force which calls 
it into play. Bernard has shown that, by dividing the 
pneumogastric nerres in the neck, the secretion of sugar 
is at once arrested, and that the application of galvanism 
to the upper ends of the divided nerves not only re- 
establishes the secretion, but, if the current be continued 
sufficiently long, augments it beyond the normal amount, 
so that animals thus operated upon not unfrequently become 
diabetic. On the other hand, the application of galvanism 
to the lower ends of the divided nerves is not found to 
be followed by any such result. These experiments clearly 
indicate that the nerve-force which excites the liver to 
secrete saccharine matter does not travel from the brain, 
through the pneumogastric nerves to the liver, but rather 
that the stimulus proceeds along these nerves to the brain, 
and is from thence re-transmitted to the hepatic organ 
through some other nerve-chain. 

The data yielded by other experiments, which it is at 
present imnecessary to recapitulate, induced Bernard to 
believe that in the healthy animal the reflex action which 
incites the glucogenic function originates in the stimulus 
given by the respired air to the pulmonary branches of 
the pneumogastric nerves, and that this stimulus is reflected 
trouL the brain along the spinal cord and splanchnic nerves 
to the liver. 

The point of departure of the normal nerve-force which 
calls into play the glucogenic function, of the liver may, 
at the first glance, appear a matter of little moment ; but 
when we consider that the secretions of organs increase in 
proportion to the amoiint of stimulus applied to their nerves, 
and that an excess of secretion, which not imfirequently 
constitutes disease, arises in many cases simply from an 
exaggeration of the normal stimulus, we shall at once 
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acknowledge the importance of thoroughly understanding 
the physiological, before attempting to remedy the patho- 
logical condition of an organ. When an answer has been 
giyen to the query, "Where is the sugar secreted?" the 
question next in importance to the Physician is most 
assuredly, *< By what means is the secretion excited?'* A 
satisfactory answer to the latter question may not impro- 
bably furnish a guide to the successful treatment of a 
hitherto considered incomprehensible disease. 

There is no difficulty in accounting for the liyer being 
excited to secrete sugar when an irritation is applied to the 
pulmonary branches of the pneumogastric nerre ; but we 
are not necessarily forced to belieye that they are the 
branches which normally call into action this peculiar 
function of the organ referred to. Indeed, if such be in 
reality the case, how does it happen that while the respira- 
tion, and consequently the stimulius, continue at about the 
same rate during the entire day, the secretion, which is 
said to be tbe result of the stimulus, varies at different 
times } At one hour it is known to be exceedingly active ; 
at another, somewhat later, almost dormant Such a result 
has no parallel in any other organ of the body. A certain 
amount of stimulus, casteria paribus^ invariably calls forth 
a similar and definite amount of action; and upon what 
grounds are we warranted in considering the function of the 
liver an exception to the general rule? I need scarcely 
detain you at present with furth^ arguments against what 
appears to me an untenable hypothesis, as I believe the 
results of the subjoined experiments clearly indicate, that 
if the pneumogastric is the nerve which carries the stimulus 
to the brain, to be from thence transmitted by the spinal 
cord and splanchnic nerves to the liver, the point of de- 
parture of the stimulus is most probably in the liver itself, 
and that the cause of the reflex action may originate in 
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the Stimulating effect of the portal blood upon the hepatic 
branches of the pneumogastric nerve. If, for example, the 
stimulating effect of the blood of the portal vein be imitated 
as much as possible by injecting into that vessel substances, 
such as alcohol, ether, chloroform, methylated spirit, or 
ammonia, the Uyct is excited to secrete an excess of sugar, 
and the animal operated upon is for a time rendered 
diabetic* 

The conclusion to which the results of the experiments led 
me was, that stimulants produce diabetes by exciting the 
hepatic branches of the pneumogastric to transmit an impres- 
sion to the nervous centre, to be from these reflected to the 
Uyct, and thereby cause the increased secretion of saccharine 
matter ; and if this explanation be the correct one, it is very 
probable that the normal secretion of sugar is caused by the 
stimulating effect of the nutritive materials in the portal 
blood. The following facts materially strengthen this view : — 
During the time of digestion the blood of the Yena ports 
must, of necessity, prove most stimulating, as it is then loaded 
with nutritive materials ; and this happens to be exactly the 
period at which the greatest quantity of sugar is formed. On 
the other hand, the blood of the portal vein of a fasting animal 
contains very little nutritiYe material ; consequently during 
this period the quantity of sugar ought to be lessened, and 
this, in fact, is exactly what occurs ; for, in a fasting animal, 
the secretion of sugar has inYariably been found to be at its 
minimum. 

The important bearing of these physiological data will be 
more fully appreciated when we are considering the pathology 
of diabetes; for, as will be presently seen, they furnish us 
vnth a key to the rational treatment of some of the forms of 
saccharine urine. 

* For a full account of these researches, see an article by the author 
in the Brit, and Foreign Quarterly Rev.t July, 1857. 
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Pathology, 

We now come to what, at least as far as we, as practical 
Physicians are concerned, may be considered the most im- 
portant part of our subject, — namely, its pathology. Diabetes 
happening, however, to be one of those intricate diseases 
leaving behind it no characteristic anatomical lesion by which 
a clue to its seat can be obtained, it is not in the dead house, 
but in the clinical ward and physiological laboratory that the 
nature and treatment of the affection are most successfully 
studied. What has now to be said of its pathology and treat- 
ment will, therefore, be found greatly simplified by the know- 
ledge we have already obtained of its physiology. In fact, 
we shall soon find that the presence of sugar in the urine, like 
the discoloration of the skin in jaundice, is not of itself the 
disease, but merely the most prominent sign of several widely- 
differing abnormal conditions, the correct appreciation and 
understanding of which entirely depend on our acquaintance 
with its physiology. 

Diabetes has, for example, been found to follow upon — 

Injury to the head, with or without fracture of skull. 

Clot in the pons varolii. 

Softening of the base of the brain. 

Abscess of the cerebellum extending into the fourth 
ventricle. 

Tumour (the size of a nut) in the left lobe of the cere- 
bellum. 

Disease of the sympathetic nerve. 

Tumour of the pneumogastric nerve. 

Deposit of bony spiculse in the falx. 

Excessive brain work. 

Intense grief. 
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Sudden mental shock. 

Blow on the epigastrium. 

Pregnancy. 

Uterine disease. 

Disordered digestion. 

Exposure to cold, etc. 

Eyen in some instances diabetes seems traceable to here- 
ditary constitutional peculiarity, for not only is it occa- 
sionally met with in more than one member of the same 
family, but it has even been found present in parent and 
child to the third generation. Thus we find it related* 
that Dr. Hosier had a patient whose father, mother, and two 
sisters died of diabetes, and that within three weeks after 
the woman came to the Hospital, her son, aged 15, also pre- 
sented himself, suffering from the same disease. 

Seeing, then, that diabetes springs from a multitude of 
causes, and that the symptom of saccharine urine is not 
itself the disease, but merely the most prominent sign of the 
hidden complaint, we can easily understand how a variety 
of morbid actions, quite distinct from each other, and per- 
haps of a diametrically opposite character, may produce it. 
For example, if the normal stimulus of the liver be exagge- 
rated, an abnormal amount of sugar will be secreted ; and if 
the quantity formed be greater than the amoimt requisite 
to supply the wants of the system, the excess, which then 
acts towards the organism as a foreign body, will be elimi- 
nated along with the urine, and the disease diabetes mellitus 
established. On the other hand, the case may be reversed, 
and there may still exist an abnormal amount of sugar in 
the blood to be eliminated with the urine, notwithstanding 
that only the proper amount has been secreted by the liver. 
This, of course, must of necessity happen when from any 



* Srit. Med. Jvum., Dec. 81, 1864. 
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cause the process of assimilation has been interfered with, 
and the body fails to consume its normal quantum of saccha- 
rine material. 

Hence, it is eyident that we may haye two perfectly dis- 
tinct forms of the same disease, one of which might be 
named Diabetes from excessive formation ; the other, Diabetes 
from defective assimilation (mal-nutrition). 

I shall presently haye occasion to show that this theory 
is equally supported by clinical obseryation as by the results 
of scientific inquiry. It will be found, too, that it furnishes 
us with a logical explanation to the fact which is so familiar 
to all who haye had much experience with diabetie cases — 
namely, that while one man improves and gains both weight 
and strength on animal diet, another on the same regimen 
loses both flesh and energy, notwithstanding a diminution, 
perhaps, taking place in the amount of sugar excreted. 

Piorry*s idea of curing diabetes by giying, instead of with- 
holding, saccharine matter, may after all turn out to haye 
more reason in it than at first sight appears. Like the 
animal diet system, howeyer, it will be found only applicable 
to a certain class of cases. The great point for us, then, is 
to be able to discriminate between the two forms of morbid 
action, in order that our plan of treatment may be the one 
best adapted for the particular case. 

How can this be done ? Fortunately, the two forms of 
diabetes haye certain peculiarities connected with their his- 
tory which enables us in most cases to distinguish the one 
from the other. 

In those resulting from excessive formation the patient is 
not necessarily emaciated and weak. He may, on the con- 
trary, look both fat and ruddy — appearing, in fact, to be in 
the yery bloom of health. This is especially true in slight 
cases, as well as in the early stage of eyen those which run 
on to a fatal termination. In this class of patients it is not 
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until the disease has made considerable inroads on the con- 
stitution that there is any marked emaciation. 

In the second class of cases, on the other hand, namely, 
those resulting from defective assimilationf emaciation is one 
of the earliest and most prominent symptoms, the loss of 
flesh being often very marked before the nature of the 
disease is detected. Exactly the reyerse of what frequently 
occurs in the first class, in which the patient occasionally 
receives the first warning of the afiection from the accidental 
detection of sugar in his urine. 

An inordinate thirst and excessive elimination of urine is 
in all cases an indication that the disease is already in its 
second stage, the first stage being indicated, in those arising 
from excessive formation, by saccharine urine alone, and in 
those from defective assimilation by saccharine urine coupled 
with loss of flesh. 

At one time, when a patient was said to have diabetes, 
it was considered tantamount to saying his days were 
numbered. As our knowledge has increased, however, we 
have learned that although it is but seldom possible for 
us to eradicate the disease, we can, nevertheless, so mitigate 
its eflects as not only to prolong the life of the individual, 
but to render it a tolerable, if not even an agreeable one. 
Prout used to declare that diabetic patients are for ever 
standing on the brink of a precipice, for they are in constant 
danger of succumbing from the indirect as well as the direct 
effects of the disease, in consequence of there being in them 
an absence of that vital stamina which enables healthy per- 
sons to resist the inroads of disease. This is, no doubt, true, 
for the mal-nutrition which diabetes induces renders the 
constitution prone to take on low inflammatory actions, 
which, if set up in a healthy individual, would produce 
but a temporary illness, but when engendered in the dia- 
betic, rapidly run on to a fatal termination. But, as fore- 

i> 
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warned is forearmed, tliU need not distress, but only make 
us the more careful at once to remedy any trifling deviations 
from the normal standard, which, in the healthy, might be 
allowed to pass unheeded. 

Having only specified two forms of diabetes — 1st, That by 
excessive formation ; 2ndly, That by diminished assimilation 
•—it may naturally be asked how this statement can be 
reconciled with the one previously made regarding the 
multitude of causes inducing the disease ? Easily enough, 
as we shall now see. 

Nerve Lesion and Disease as a Cause of Diabetes, 

It is generally admitted that the various secreting organs 
of the animal body are stimulated to perform their dijSerent 
functions by direct and reflex nerve action, and the liver 
proves to be no exception to this law. If the pneumogastric 
nerves be divided in the neck, the glucogenic function of 
the hepatic organ is arrested, and when galvanism is applied 
to the upper (but not to the lower) ends of the divided 
nerves the saccharine secretion is re-established. Moreover, 
it has been ascertained that this reflex nerve-force, which 
travels by the pneumogastric nerves to the brain, is from 
thence reflected along the spinal cord, splanchnic nerves, 
and solar plexus, to the liver. (Bernard.) It has been 
further ascertained that it is not at all essential that the 
galvanism be applied to the cervical portion of the pneumo- 
gastric in order to re-excite the saccharine secretion, for, 
according to another well-known physiological law, irrita- 
tion produced at any point of a reflex nerve circuit is invari- 
ably followed by the same phenomena. 

As what I am now attempting to explain is the keystone 
to the comprehension of the pathology of diabetes by nerve 
influence, it is absolutely essential that my meaning should 
be clearly understood. I must, therefore, solicit your atten- 
tion for a moment to the following experiment : — 
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Let the hind legs of a firog be prepared in the manner 
represented in the accompanying woodcut, every attachment 
being eeyered except that of the sciatic nerves vrith the 
spinal cord. Besides this, let the motor roots be divided on 
the right side (Fig. 27» a-b), and the sensory roots on the 
left {c'd), so as to leave only one complete nerve-chain. The 
application of a slight galvanic current to the toes of the 




Fig. 27.— Reflex circuit in hind legs of ftrog attached to the spinal cord 
0-6, anterior motor roof of (^) right sciatic nerve, c-d, posterior sensory 
root of (h) left sciatic nerve. 

right limb will then be instantly followed by contractions in 
the muscles of the left, showing that the nerve stimulus is 
transported through the sensory nerve of the right limb to 
the spinal cord, and reflected from thence, through the 
motor nerve, to the muscles of the left extremity. In order 
to produce this muscular movement, however, it is not at all 
necessary that the galvanism be applied at the extremity of 
the sensory nerve ; for irritation produced in any part of its 
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course (^, for example), at its root (e), or eyen in the opposite 
nerve chain {h), will still he followed hy the same musciilar 
contractions. Now, it so happens, with regard to the gluco* 
genie function of the liyer, that the pneumogastric is the 
analogue of the sensory, and the spinal cord and splanchnic 
of the motory nerves of the firog's limh ; so that an irritation 
applied to any part of the pneumogastric nerves, spinal cordy 
or sympathetic reflex glucogenic circuit, is as effectually 
followed hy a secretion of sugar as the application of gal- 
vanism to the sciatic nerves of the frog's limb is followed by 
muscular contraction. Moreover, the irritation, galvanic or 
other, has only to be applied to the glucogenic circuit suffi- 
ciently long or sufficiently powerfully in order to induce 
saccharine urine. Hence it is within the power of the phy- 
siologist to render animals artificially diabetic by a variety 
of experimental procedures implicating the various parts 
included in the reflex nerve-chain above indicated. Thus 
diabetes can be artificially established by applying the irrita- 
tion to the extremities of the pneumogastric in the liver; 
as when stimulants are injected into the portal vein (the 
author), or by irritating the pulmonary branches distributed 
in the lungs, as where chloroform is inhaled (Reynoso), or 
by applying galvanism to the cervical portion of the nerves, 
or by irritating their roots, as when injury is applied to the 
floor of the fourth ventricle (Bernard), or by acting on the 
downward chain, as, for example, when the splanchnics are 
divided (Graffe). In fact, I might go on to prove expe- 
rimentally, that the rationale of saccharine urine, by refiex 
nerve action, is as comprehensible as the rationale of the 
muscular contraction in the frog's limb. Nay more, just as 
we may have muscular contraction following upon the 
indirect application of a stimulus to the nerve in the frog's 
limb ; so we may have saccharine urine following upon the 
indirect application of the stimulus to the glucogenic circuit. 
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For example, diabetes may be induced by a blow on the 

epigastrium, or from an injury to the head, as in the case 

which I already cited in a previous lecture. The patient at 

the time he was admitted into University College Hosj^tal 

under the care of my colleague. Professor Erichsen, was 

Buffering from paralysis consequent upon injury to the head 

received in falling from a scaffold. It may be mentioned 

that it was in consequence of the man having fallen upon 

the occipital region, that I suggested the possibility of his 

being diabetic, and had the urine tested. In this case sugar 

was found the very first time the urine was examined, so 

that it is impossible to say when it first became saccharine ; 

no sooner was the sugar detected, however, than the nurse 

was ordered to collect daily all the urine voided during the 

twenty-four hours, and transmit it to the laboratory for 

quantitative analysis. 

The analyses were made by my former pupil, Dr. Pringle, 

and the following is a table of the results : — 

Quantity of urine, 
1857. In cub. centim. 

July 18th . . 952 = 

20th . . 1000 = 

21st . . 2187 = 

22nd . . 1876 = 

25th . . 1955 = 

28th 4 . lOOO = 

3lBt . Not sufficient sugar for quantitative analysis. 

Aug. 3rd . No sugar. 

It will be seen that at first, after the receipt of the injury, 
the sugar went on steadily increasing, and then, as the 
patient recovered, it as gradually steadily diminished, until 
at length it entirely disappeared. 

This was prognosed when I first saw the case. For the 
condition of the man, as far as his diabetes was concerned, 
was exactly similar to the state of rabbits rendered artifi- 



irino. 
Oz. 


Quantity of sugar. 
Grammes. Grainit. 


30-7 


2-38 — 56-89 


32-2 


5-00 = 77-50 


70-5 


6 38 = 98-89 


60-5 


3-90 — 60-45 


63-6 


3-48 = 53-94 


32-2 


1-25 = 19-37 
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ciallj diabetic by puncture of the fourth yentricle, and we 
all know that at first the amount of sugar gradually aug- 
ments until the injury in the cerebral substance begins to 
heal, and then the diabetes as gradually disappears. 

Some may say, we had no proof beyond the existence of 
saccharine urine that injury had occurred to, or in the 
neighbourhood of the fourth rentricle. This is yery true, 
but I think the reasoning from analogy justifies the diagnosis. 
However, as some may be sceptical on this point, I shall now 
cite a case where the diagnosis may be said to haye been 
yerified by the post-mortem examination. 

On Noyember 13, 1859, a man was brought to XJniyersity 
College Hospital in a state of insensibility, with slow, 
stertorous respiration, a weak pulse, and contracted pupils. 
As the patient died without eyer regaining consciousness, 
the only history of the case that could be obtained was, that 
he was seen suddenly to fall down in the street, and when 
picked up was in a state of complete insensibility. At the 
autopsy, the only lesion found was a clot encircling the 
medidla oblongata and extending upwards into the pons 
Varolii, its situation being apparently such as to haye caused 
considerable pressure on the fourth yentricle and roots of the 
pneumogastric neryes. The presence of sugar in the urine 
was sought for, and in this case was demonstrated without 
the least difficulty. Although no quantitatiye analysis was 
made, there can be no doubt that the sugar was abundant, as 
the urine became quite brown on being boiled with potash, 
and freely reduced the oxide of copx>er. The flow of urine 
must have been also copious, as the bladder was foimd 
greatly distended by it after death. The substance of the 
liyer contained a large amount of sugar, and eyen the brain 
itself was impregnated with the saccharine matter, for an 
aqueous decoction yielded all the reactions in a yery decided 
manner. Now, unless we are to suppose that this patient 
had been preyiously suffering from diabetes, of which his 
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body presented none of the external signs, one is led to the 
conclusion that the saccharine urine was the direct result of 
the pressure of the clot on the fourth yentricle. 

Another case of diabetes from external injury to the head 
may be mentioned, as it, like the one already cited, affords 
an example of spontaneous cure. The urine of a woman, 
under the care of Dr. Todd, who had hemiplegia and 
rigidity of the right side, in consequence of falling down 
stairs upon her head, when examined on the twentieth day 
after the injury was found to be of a specific gravity of 
1021, and to contain a small quantity of sugar, which 
gradually disappeared as the patient got weU. 

Seyeral years ago. Dr. Goolden had a case of a similar 
kind in a railway stoker who was struck on the occiput 
by the handle of a crane, and remained diabetic during his 
illness.* Some nerre lesions give rise to a diabetes of a 
still more permanent character, as the following case will 
show. Dr. Ramsbotham, of Amwell Street, informs me that 
when on a visit to a medical friend in Kent, a year or two 
ago, he found him in a fair state of health, with the exception 
of feeling extreme thirst, and suffering from great languor. 
Suspecting diabetes, he examined the urine, and found it to 
be above the average in quantity, of a specific gravity of 
1044, and loaded with sugar. The gentleman had never 
suspected that he was diabetic; it is therefore impossible 
to say how long this state of matters had existed. The 
important part in the history of the case is, that four or 
five years previously he had been thrown from a horse, and 
in some way or other got his head forcibly bent forwards, 
and for a length of time afterwards he could not turn it to 
either side without great pain; at the same time both the 
senses of smelling and bearing were blunted. The last report 
Dr. Ramsbotham had of the case was that *'the diabetic 



* Medical Times and OazetU, Hay 15, 1858. 
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symptoms were ameliorated, or, at any rate, had ceased to be 
a source of annoyance." 

While calling attention to these cases of diabetes, the 
result of cerebral lesion and disease, I must not omit to 
mention that an inordinate flow of iirine may follow upon 
concussion of the brain without being associated with the 
presence of sugar. An interesting case of this kind was 
observed in M. Moutard, Martin's wards, in which, after 
a concussion of the brain, followed by hemiplegia, the patient 
suffered from extraordinary polydipsia. Under the influence 
of a seton, the cerebral symptoms amended and the poly- 
dipsia entirely disappeared.* 

As cases of polydipsia are not common, and some authors 
have even entirely doubted their existence, I may mention 
an interesting case related by Dr. Watson : — A boy, aged 1 1 
years, who was very thin, but not unhealthy looking, was 
troubled with thirst and frequent micturition, passing daily 
nine or ten pints (180 to 200 ounces) of pale dilute urine, 
of a specific gravity of 1002 — sometimes, indeed, scarcely 
heavier than distilled water. Every remedy was tried, but 
he left the hospital no better than when he entered it. Even 
when his drink was limited to a pint and a half, he still 
passed ten and a half pints of urine. f 

In a case of my own, a man, aged 57, passed, on an 
average, eight pints (4960 c.c.) of urine of a specific gravity 
of 1010 in twenty-four hours, the daily average of urea being 
70 grammes (1085 grains). Notwithstanding that the patient 
passed so much urine, he only drank about half that quantity 
of liquid, and, strange to say, although he had an exceedingly 
dry skin, he never complained of thirst. The polydipsia 
had lasted three years, and during that time he lost forty-two 
pounds in weight. No sugar was ever detected in his urine. 
Cerebral disease — not consequent on injury — ^may also be 

* Gazette des Hop., No. 18. 

t Lect on the Practice of Physio^ vol. ii, p. 611. 
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productive of saccharine urine. Thusi for example, epilepsy 
18 occasionally accompanied by diabetes. 

In a case of this kind which occurred in the Hospital for 
the Epileptic and Paralytic, under the care of Dr. Brown - 
S^quard, the pons Varolii and calamus scriptorius of the 
fourth yentricle was found diseased.* The man, aged 53, 
whose urine was of a specific gravity of 1037, and '* contained 
a good deal of sugar," had increased sexual desire before 
death. 

A short time since I examined the urine in a case of Dr. 
Hughlings Jackson's, in which, with disease in the near 
neighbourhood of the apex of the calamus scriptorius, there 
was for several months sugar in the urine. 

M. Luys related to the Paris Anatomical Society a case of 
diabetes which lasted over three or four years. At the 
autopsy the anterior wall of the fourth ventricle was found 
highly vascular and its consistence notably diminished, very 
slight scraping bringing off a gelatinous pulp of a brownish 
yellow colour, the ventricle exhibited the colour very 
remarkably at certain spots. The lesion consisted in the 
molecular destruction of the histological elements, and their 
dibriSf loaded with yellowish granulations, gave rise to this 
peculiar colour. This lesion may be regarded as exactly 
corresponding to the traumatic one produced by the experi- 
mental physiologist which leads to an exaggeration of the 
glucogenic function of the liver and the consequent passage 
of sugar into the urine, f 

In other cases of cerebral diseases diabetes also occurs. 
Thus, Laudet X mentions the following four cases in which 
he observed it. The first is that of a woman, aged 32, who 
while pregnant was affected with the loss of vision of the left 
eye, without paralysis. She at the same time suffered from 

* Lockhart Clarke in Beale's Archiv., vol. iv. p. 147. 
t Bulletin de la Soc. Anatom., vol . v., p. 219. 
t Acad, des Sciences, March 2, 1857. 
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Tomiting and headaches, and on one occasion had symptoms 
of coma accompanied by paralysis of the third and fifth part 
of cerebral nerres. These symptoms were accompanied with 
great thirst and the other signs of diabetes mellitus. Under 
the administration of iodide of potassium the paralysis and 
diabetes diminished. 

The second was that of a woman, aged 53, suffering from 
hemiplegia and epilepsy, supposed to have originated in 
apoplexy. Two years later diabetes appeared, and in one 
year more also albimiinuria. 

The third was that of a woman, aged 80, suffering from 
hemiplegia of the left side. In eight months' time she had 
great thirst consequent upon an attack of diabetes. This was 
followed by gangrene of the right foot, from which she died. 

The fourth was that of another woman, aged 39, who in the 
sixth month of gestation became paralysed, with convulsions. 
Gradually these disappeared, and only slight swimming in 
the head remained. Six years afterwards she was found to 
be diabetic. This patient ultimately died of small -pox.* 

Over-mental exertion I have put among the causes of 
saccharine urine. An interesting example of this kind has 
recently fallen under my notice in the case of one of our 
students. During three weeks of mental excitement, sugar 
was daily detected in his urine. After a fortnight's rest, it 
entirely disappeared, but recurred a few days after the 
resumption of the mental labour, again to disappear almost 
as soon as the labour was discontinued. I have seen again 
and again mental labour increase the sugar in diabetic 
patients. In the case of a clergyman, to which I shall 
subsequently have occasion to refer, on several occasions, 
I foimd the daily amount of sugar double itself when he 
was preparing, for his college examinations, and again gradu- 

* Gazette MMicaU^ March 14, 1867. For gome other cases resultin 
from cerebral lesions and disease, see Ghu^te Midicale de Paris, March 
20, 1858. 
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ally return to the usual average almost as soon as they were 
passed, without either medicine or diet being altered. 

Irritation of the pneumogastric or of the sympathetic neryes, 
may give rise to diabetes. 

Mr. Nyman relates the case of a professional gentleman 
who had long suffered from diabetes mellitus. "After we 
had examined/' he says, "the above-named organs (chest, 
abdomen, and brain), we commenced the dissection of the 
nervi vagi. On the left nothing abnormal could be found, 
but on examining the right, we met in the thorax imme- 
diately behind the bifurcation of the bronchii a calculous 
mass (tumour) the size of a hazel-nut, under the entire 
trunk of the nerve, and appeared to have exercised con- 
siderable pressure upon it." He adds that it is the third 
time that he has met with this morbid condition in persons 
who have died from diabetes. The urine of this patient 
contained 6 or 7 per cent, of sugar.* 

One case is also recorded in which disease of the sympa- 
thetic caused diabetes. In a report of the cases occurring 
in the Boyal InjB.rmary, Edinburgh, under the care of Dr. 
Duncan, it is noticed that in one case of diabetes there 
was foiind, after death, to be an hypertrophy of the lumbar 

sympathetic, t 

Saccharine urine may also arise as the result of indirect 
nerve irritation ; thus it is met with in tumours of the abdo- 
minal organs and in pregnancy, in which cases the only way 
to account for it appears to be by the irritation caused by 
pressure or otherwise of the abdominal sympathetic, perhaps 
the coeliac plexus or some of its branches. 

For further information regarding the effects of nerve 
lesions and irritation in the production of diabetes, reference 
must be made to the physiological views previously expressed. 

We now come to the consideration of 

* Dublin Ho»p. Qaz., from Swedish Trant., July 15, 1857. 
t Longet, ToL IL, p. 635. 
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DUordert of the Digestive Function as a Cattse of Dictbetes, 

And, first of all, we must notice those cases which, arise 
apparently from the use of stimulants. It is a well-known, 
fact that cases of diabetes are much more common in Great 
Britain than on the Continent, and I, like many others, 
attribute this to the fact of a much greater quantity of 
alcoholic drinks being used among us than among other 
European nations. A few years ago (August, 1861), while 
on a visit to Munich, in the course of conversation, Dr. 
Pfetifer, the Professor of Clinical Medicine, told me that he 
had only had one case of diabetes in the Hospital during 
the whole six years he had been in Munich ; whereas, while 
Professor in Heidelberg, although the Hospital was much 
smaller, he had on an average four or five diabetic cases 
in the course of each year. Now, the only way to account 
for this difierence was, that the Munich Hospital draws 
its supply from a beer (Bavarian) drinking district, while the 
Heidelberg Hospital obtains its supply &om the wine-drink- 
ing districts of the Rhine, etc. And, curious enough, it 
turned out that even the single case of diabetes Pfeiifer had 
in Munich, he added, came from the Palatinate. 

There can be no difficulty in explaining this action of 
stimulants, for, as said in the physiological part of the lecture, 
diabetes can be artificially induced in healthy animals by 
injecting small quantities of alcohol, ether, chloroform, or 
even ammonia, into the portal circulation. 

For example, I injected ten cubic centimetres of sulphuric 
ether diluted with thirty cubic centimetres of water into one 
of the branches of the portal vein * of a full-grown New- 
foundland dog half an hour after he had been fed. When he 
rose up after the operation, he appeared intoxicated, and 
staggered a little as he moved about. This effect, however, 

* The exx)eriinent is very easily performed by using a sharp-pointed 
syringe, which can be pushed with facility through the coats of one 
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soon disappeared, and in a few hours the animal looked as if 
nothing had been done to him. In two hours after the 
injection was made, I passed a catheter into his bladder ; but 
did not obtain sufficient urine to enable me to satisfy myself 
whether it contained sugar. Some hours afterwards, when 
I had obtained enough urine, I found that it readily 
reduced the copper in Barreswil's liquid, thus indicating 
the presence of saccharine matter. To assure myself that 
this effect was not due to the presence of any other substance, 
I boiled the urine in order to coagulate the albumen, of 
which it contained a little, then evaporated it almoEt to 
dryness, dissolved the residue in boiling alcohol, and filtered. 
The filtered liquid was next evaporated to drive off the 
alcohol, and an aqueous solution made. On testing the 
latter for sugar with the sulphate of copper solution, its 
presence was clearly indicated. Although by this method 
the existence of saccharine matter was rendered almost 
undeniable, I stlU wished to convince myself of its presence 
by some other means. The urine which the dog passed the 
next day was therefore fermented, and carbonic acid gas and 
a trace of alcohol was obtained, thus placing beyond a doubt 
the existence of sugar. 

The following case shows that ammonia has the same 
power as ether in causing the liver to secrete an abnormal 
amount of saccharine matter : — 

Into the portal vein of a good sized dog in full digestion, 
I injected fifteen drops of liquor ammonise diluted with forty 
cubic centimetres of water. In twenty hours afterwards, on 
the animal being killed, his bladder was found enormously 
distended with iirine, which not only reduced the copper in 
the liquid of Barreswil, but fermented rapidly. 



of tho lar-re mesenteric veins. Care must be taken not to employ too 
much of tho stimulant, as it is only up to a certain point that it possesses 
the power of producing artificial diabetes. If too large a quantity be 
injected, it seems rather to destroy than increase tho glucogenic function. 
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Tkese two experiments are selected from a number of 
others, some of whicli I had the honour of performing in 
1853 at the College of France before a CommiBsion appointed 
by the SocI6t6 de Biologie ; but as the results then obtained 
are identical it is unnecessary to cite them. I cannot refrain 
from mentioning with what pleasure I perused a communica- 
tion of Bernard's, entitled " On the Influence of Alcohol 
and Ether on the Secretions of the Digestiye Canal, of the 
Pancreas, and of the Liver," read before the Soci$t6 de 
Biologie. * M. Bernard, instead of putting the alcohol and 
ether, as I had done, directly into the portal vein, introduced 
them, by means of a long oesophagus tube, into the duodenum 
of dogs, and allowed them to be absorbed through the walls 
of the intestine, into the portal circulation. The result, as 
might d priori haye been anticipated, was identical with 
what I had previously obtained. Bernard, in fact, found 
that six centimetres of alcohol mixed with an equal amount 
of water, was sufficient to excite the liver to secrete a large 
quantity of sugar, even while the animal was fasting. With 
ether employed in a similar manner, he obtained no less 
successful results. 

Rosenstein f has still further confirmed the value of the 
physiological data I obtained, by a very complete series of 
experiments on the influence of different kinds of drink upon 
the quantity of sugar, salt, and urea, daily eliminated by a 
diabetic patient. He performed the experiments, he says, 
with the view of ascertaining if the conclusions I arrived at 
were equally applicable to the human subject as to the animals 
operated upon, and he came to the conclusion that they are 

identical from his having obtained the following results : 1. 

Coffee, while it diminished the elimination of urea, increased 
that of the chloride of sodium and sugar. 2. Bavarian beer 
had a precisely similar effect. 3. The influence of wine was 

* Gazette Midicale de Paris, May 10, 1856. 
t Yirchow'a Archiv., 1858, p. 461. 
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also similar — namely, to decrease the elimination of urea, and 
augment that of the chloride of sodium and sugar. Lastly, 
he found that yinegar exerted a similar influence on the 
elimination of these substances. 

If any one doubt the truth of the assertion that stimulants 
excite diabetes, let him select a case of that form of the 
disease arising from excessive formation, and after haying 
carefully estimated the daily amount of sugar eliminated by 
the patient, allow him to drink a few glasses of wine during 
the next few days, and watch the result. He will soon find 
that the ingestion of stimulants is followed by an increase of 
sugar, and if stimulants increase the amount of saccharine 
matter in the urine of the diabetic, we can easily understand 
how their excessive use may induce the disease in individuals 
predisposed to it. The effect of stimulants introduced into 
the portal circulation also explains to us how a disordered 
digestion is not unfrequently followed by saccharine urine. 
I may here relate a curious fact in illustration of the latter 
remark. In 1852, at a time when I was much occupied 
in studying the physiology of diabetes, I regularly tested 
my urine twice a-day, and, on one occasion, I found it to 
contain a small quantity of sugar. On the day in question I 
had partaken freely of asparagus salad ; and, thinking that 
this might perhaps be the cause of the presence of the 
sugar, I determined to try the effects of a greater quantity. 
The following day, the sugar having entirely disappeared 
from the urine, I again partook of the same kind of salad, 
both in the morning and afternoon. In the evening, on 
testing the urine, I found very distinct indications of sugar. 
As the observation was to me one of great interest, I deter- 
mined to make some further experiments on the subject, 
in order to discover how many hours this state of saccharine 
urine would continue. During two days I ate large quanti- 
ties of asparagus salad, taking care to have it made as 
stimulating as possible with vinegar and pepper. The result 
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was far beyond my expectations, for instead of the sugar 
disappearing from the urine in a few hours after I had 
ceased partaking of the diet in question, it continued to be 
secreted during several days, until I at last became very 
much alarmed lest the disease had been permanently induced. 
On the evening of the fourth day the sugar had almost 
entirely disappeared, but on the fifth it returned in increased 
quantity, so much so that a drop of urine falling on the boot 
left a distinct white spot. I could not account for the 
recurrence of the disease, as I had been particularly careful 
in my diet during the two previous days. 

I have mentioned this experiment because it appears to me 
that if a flow of saccharine urine be induced in a healthy 
person, as I consider myself to be, by disordering the digestion 
and over-exciting the liver, it is very probable that a cause 
insignificant in itself, but operating upon a predisposed con- 
stitution, may tend to produce the disease. Sugar in the 
urine has been found after eating cheese and other indigestible 
substances. It is worthy of remark that Dr. Jessen, of 
Dorpat, has rendered horses diabetic by feeding them with 
hay damaged by moisture. M. L^conte has illso found sugar 
in the urine of dogs after he had administered to them the 
nitrate of uranium. Several other substances have the same 
effect, and I have no doubt but that a greater number of 
stimulants will be afterwards found to produce similar results. 

We now come to the consideration of the second form of 
diabetes— namely, that in which there is no proof of the 
existence of an abnormal production of sugar by the liver, 
but in which there rather appears to be a diminished con* 
gumption of the amount normally produced. In illustrating 
this point I have to rely entirely on clinical data for the 
opinions at which I have arrived. 

It will be remembered that several years ago Piorry com- 
municated to the French Royal Academy a paper, in which 
he stated that he had successfully treated cases of diabetes 
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by giving the patients sugar-candy, and that he was led to 
do so from his believing that the cause of death in diabetes 
is the loss of the sugar which is so necessary to support life. 
The cane-sugar was therefore given in order to supply the 
place of the sugar that was lost. 

Not long after reading these views, when on a visit at Bristol, 
Dr. Budd showed me a young man whom he was treating by 
means of saccharine diet, with apparent benefit. Subsequently, 
Dr. Sloane(a) and Mr. Amyot(b) published papers on the 
saccharine treatment of diabetes, expressing similar opinions. 
On reflecting over the views promulgated by these gentlemen, 
and comparing them with the results of my own clinical and 
physiological experience," it gradually occurred to me that 
there might be two distinct forms of the disease, such as I 
have already described imder the head of diabetes by excessive 
formation, and diabetes by diminished assimilation; and further 
investigation has not only confirmed this view, but enabled me 
to discriminate between the two classes of cases by the history 
and appearance of the patients alone. Before giving examples 
of each form of the disease, let me first explain one or two 
things regarding the symptoms of diabetes, which, I fear, are 
but imperfectly understood. 

First, as regards the amoimt of urine eliminated, some appear 
to consider it a most important sign, and one which we should 
try and check as soon as possible. Now, I beg to differ from 
them, for I believe it fortunate that the diabetic patient does 
pass an excess of water. 

The excessive elimination of sugar is not consequent upon 
the increased flow of urine, for we may have, as already seen, 
an excessive flow of urine without sugar,— but exactlj the 
reverse; the excessive flow of urine is consequent on the 
elimination of the sugar. The sugar, in order to be eliminated, 



(a) Brit. Med. Jour., March, 1858. 

(b) Med. TiiMS and ffo*., March, 1861. 
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must be dissolved, and, in order to be dissolved, must have 
water, and the more water the more readily does the elimina- 
tion of the sugar take place. Some may say, we want to stop 
the elimination of the sugar. Not so ; we want to stop the 
disease inducing it, — not the elimination of the sugar, which 
is the mere result of the disease. Retaining the sugar in the 
blood would only tend to hasten the death of the patient by- 
still further deranging the nutritive functions, and causing an 
abnormal diasmose by altering the relative specific gravity of 
the blood and other secretions. Remove the cause of the 
accumulation of saccharine matter in the blood if you can, but 
if you cannot do that, aid, instead of trying to retard, its 
elimination from the body. 

Diabetic patients generally pass more liquid than they 
take — about one -fifth or one-quarter more — and although they 
ought never to drink more than they feel a want for, yet they 
must never be stinted, for their continual thirst is but nature's 
cry for relief. If the patient did not drink, the blood would 
soon get too thick to circulate freely through the vessels, and 
a variety of secondary diseases would be induced Stopping 
the drink diminishes the elimination, but does not stop the 
formation of the sugar. When the formation of sugar de- 
creases, the urine of its own accord becomes diminished. 

As regards the amount of sugar eliminated, which is gene- 
rally considered an infallible criterion of the condition of the 
patient, experience has shown me that such an idea is erro- 
neous. A diminution in the sugar in cases from excessive for- 
tnation is always a good sign, but in those arising from dimi- 
nished assimilation it is, on the contrary, occasionally the 
reverse. Thus I have again and again seen patients who were 
gradually succumbing from the starvation effects of a restricted 
diet, at once pull up and improve on a judicious mixture of 
vegetable food, notwithstanding that the amount of sugar in 
the urine was thereby greatly increased. It is the weight of 
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the patient, not the quantity of eliminated sugar, on which we 
ought to rely in such cases. 

Although advocating the employment of vegetable diet in 
cases of diabetes of the second class, I do not wish it for a 
moment to be supposed that I agree with Fiorry in thinking 
tiiat the cause of death, even in this form of diabetes, arises 
from the loss of sugar ; for, on the contrary, I think it springs 
firom the inability of the body to assimilate the sugar it 
possesses. In such cases, therefore, I give vegetable food, not 
because it contains sugar, but because it possesses many of 
the other substances necessary for the purposes of nutrition, 
which neither exist in the same quantity nor in so easily an 
assimilated form in animal diet. 

It is well known from the reports of travellers among savage 
nations, that men restricted solely to animal diet must consume 
an almost fabulous amount in order to obtain sufficient of all 
the ingredients requisite in the processes of life. We know, 
too, that an animal can be most effectually starved by limit- 
ing him to one particular element of food, although that ele- 
ment be even albumen. 

The benefits derivable from Piorry's plan of treatment, 
therefore, in my opinion, arise from the fact that when he 
gives sugar he at the same time ceases to restrict the patient 
to animal diet, and that in the mixed food they find many of 
the materials essential to life much more abundantly and 
in a more easily assimilated form, than in animal diet. 

I shall now give a few typical cases illustrative of the two 
principal forms of diabetes. 

Diabetes from Excessive Formation, 

In the beginning of 1860 a young gentleman, aged 19, 
suffering from diabetes, was brought to me by his brother, a 
MedicalvPractitioner, who had detected the disease two years 



prsTioiiBly, This patient had already been under Tmioua 
Bysteins of trefttment. Wlat appeared to agree with him 
beat was animal diet, coupled with small dosea of chlorodjue. 
To look at the patient one would have thought that he waa a 
perfectly healthy indiTidual. Eia weight was 135 lbs. ; the 
appetite was moderate ; and the amount of urine passed was 
not at that time esceasiye. The object of bringing the patient 
to me, it appeared, was in order that I might, if possible, 
suggest some remedy to replace the chlorodyne, the consti- 
pating effects of which were anything but agreeable. On 
carefully inquiring into the history of the patient, the case 
appeared to be one of diabetes by excess, and the origin of 
the mischief could in some measure be traced to some irrita- 
tion in the liTer, which was painful at its lower margin, the 
pain being much increased on pressure. Haying en intelligent 
Fiactitionei to deal with, I at once gave my view of the case, 
and explained how, as scarcely any two cases of diabetes axe 
precisely alike, it would he necessary to try the effects of 
different forms of treatment in order to discover what would 
be best for this particular case. 

The following table is an abstract of the results : — 
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The average amount of sugar passed by this patient during 
the next aix months beii^ &om fiily to eiitj giammes (775 to 
930 grains) and his weight ISS pounds, a quantitatlTe ana- 
lysia of the sugar was no longer thought necessary. I ma; 
add that when I last saw the gentleman in August, 1864 
(on the occasion of his bringing to me a pooT lad, whose case 
I shall presently relate), he looked in excellent health, being, 
as he said, without any feelings of discomfort, although he 
had still to continue his medicine, for as soon as he neglected 
it. the Bugar again increased. 



(•) 



•any o[ tbe prepuaUona of conia a» uttarly TsluelHS. ia con- 
if their eontainlng little or noae of the utiis pilncipls, tbat 
[■ before being emidoysd. 



54 I>IABETES MELLITUS, 

The next case is that of a lady who also suffers from dia- 
betes by excess. Before coining to me she had been under a 
gentleman connected with one of the City Hospitals, who 
treated her according to what has been hitherto considered the 
orthodox principles of restricted diet, upon which treatment she 
had thriven so well that when she walked into my consulting- 
room I never dreamt that she came to talk about herself, but 
imagined she came about the health of another patient with 
whom she had been to see me a short time previously. She 
looked, in fact, the very picture of health ; being plump, hale, 
and rosy. 

Like many patients in her position of life, she thoroughly 
understood the nature of her disease, and criticised the 
opinions of our first authorities on the subject in a manner 
which somewhat surprised me — especially when she finished 
by saying she had come to put herself under my care, not for 
the purpose of being dieted, but for the purpose of being able to 
live without being dieted. She was tired, she said, of gluten 
bread, etc., and wanted to live like other people. She had 
brains enough to see that dieting kept down the sugar, not by 
curing the disease, but merely by stopping the supply, and that 
as soon as she gave up the restricted diet, back came all the 
disagreeable symptoms. 

On analysing the urine I found she was in as good a 
condition as restricted diet could make her ', the quantity of 
urine passed was moderate, of a specific gravity of 1030, and 
the amount of sugar comparatively trifling, — 310 grains. 
Diagnosing the case to be one of diabetes by excess, I 
honestly told her that although her case was one of the most 
favourable as far as longevity was concerned, it was one of 
the least satisfactory kind to put on ordinary diet. At the 
same time adding, that the treatment must, in the first place » 
be entirely experimental, it being impossible to say what remedy 
would most successfully allow her to dispense with dieting. 
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The case so closely resembled tlie preceding in its general 
characters, that I Tentured on the same line of treatment, 
and, as will be seen by the subjoined table, nith a favoui^able 
result. The sugar gradually diitiiniabed. until at length, after 
sevea months' treatment, the saccharine matter had entirely 
diBappesred from the urine. 

Being too sanguine as to the result, in an unlucky moment 
I consented to the patient's throwing aside the restricted diet, 
and whether this was done too suddenly or not I cannot say, 
but certain it is, that before a month was over, the urine con- 
tained as much, and even more sugar than when first I took 
tjie cose in hand. 
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of iirea is common to all diabetic cases, and especiall j to those 
on animal diet. Regarding the cause of the high percentage 
of urea in diabetes, the Key. S. Haughton(a) remarks that it 
comes from the excessiye decomposition of protein substance 
which takes place in this disease, quite independent of the 
amount of bodily work done. 

In a series of observations on two cases in TJniyersity College 
Hospital, Ringer(b) arrived at the following conclusions : — 

1st. That after the influence of food on the urine has 
entirely disappeared, a constant ratio is maintained between 
the sugar and urea. 

2nd. That after a purely non- amylaceous and non-saccharine 
meal both the sugar and urea are increased, but that during 
this increase the same ratio between them is obsenred. This 
ratio being I of urea to 2*2 of sugar. 

3rd. That under both these circumstances the sugar could 
only be derived Aom the nitrogeneous elements of the body, 
and, therefore, that some such ratio might, on d priori grounds, 
have been expected. 

Diabetes from Diminished Atsimilaiion. 

We shall now take examples of diabetes due to diminished 
assimiUUiont and for this purpose select two cases from Hospital 
practice, for the reports and analysis oi which I am entirely 
indebted to the combined labours of our clinical clerk, Mr. 
Joseph Thompson, and my class assistant, Mr. J. S. Cluff. 

One male and one female patient are again selected, and 
that too of as near as possible parallel ages to the preceding 
cases of the disease by excessive formation, so that the com- 
parison of the results may be facilitated. 

Fredk. F., aged 16, admitted into University College Hos- 
pital on October 15, 1864. Father and mother both living 

(a) " Phenomena of Diabetes Mellitxis." Dublin. 1861. 

(b) "On the Relative Amount of Sugar and Urea in the Urine of 
Diabetes MeUitus." Tratw. 3f«d.-CWr. -8oc., 1860, p. 323. r«ar-6ooi:, voL U. 
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and healthy ; family history generally good ; no history of 
phthisis. Present illness commenced about a fortnight after 
last Easter (March 27), when patient first noticed that he 
made a great deal of water — six or seven pints daily — waB 
very thirsty and drank much. His appetite was also very 
great ; says ** he used to eat anything that came before him." 
Has been treated dietetically, and, his father being a butcher, 
has had plenty of animal food. He improved for a time, but 
soon fell off again, and has been gradually getting worse ; is 
much emaciated ; used to weigh 106 lbs., but now only weighs 
76 lbs. ; skin very rough and dry ; bowels regular ; chest 
sounds healthy ; no pain, cough, or night sweats. 

The diagnosis of the case being of diabetes from mal-assimi- 
lation, the patient was placed on ordinary diet, including com- 
mon bread, eggs, and a pint of beer ; while to improve his 
general health a mixture with phosphoric acid and strychnine 
was ordered. 

The patient's temperature was noted three times a day from 
October 19 to November 3, and found to average 97f *^ F., 
being three degrees below the ordinary standard, (a) 

November 25.— Patient looks better. Says "he feels him- 
self much improved ; is not so thirsty ; and makes less 
water.** Goes home into the country to-morrow. 

The following table shows the results of the analysis. 
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(a) Rosenstein was, I believe, the first to mention that in diabetes the 
temperature of the body is below the normal standard ( Virchow's Arehiv.) 
I find, however, that this is only invariably true in that form of the 
complaint arising from mal-assimilation. 
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During the first few days after the patient's admission into 
the Hospital the quantity of the urine was greatly diminished, 
but as he became accustomed to the change, it again rose to 
its average, and there remained until tinet. of cannabis Indica 
along with four drops of laudanum three times a day was 
administered (November 16), when it immediately fell 1000 
cub. cent, in the twenty-four hours. The quantity of sugar 
eliminated also decreased, but of course, in consequence of the 
nature of the case, not to any marked degree. The patient, 
since his return to Nottinghamshire, has still continued the 
use of the remedy, the effects of which will be best appreciated 
if I quote a passage or two from the last letter he wrote to Mr. 
Joseph Thompson, dated April 10, 1865 : — ** I have sent you 
another sample of my water. . . I am a great deal better in 
health and strength, and my weight is 90 lbs. without my 
clothes. I am still taking Dr. Harley's medicine, and with 
thanks," etc., etc. 

The rapid improvement which took place in this case when 
the diabetic system of treatment was discontinued, and the 
patient was put back to ordinary food, is not a little remark- 
able. The improvement cannot be attributed to the change of 
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air or mode of life, for as we see it continued just the same 
when the lad had returned to his own home and former ayoca- 
tions. This is a most instructive case in more respects than 
one, for had the patient been treated by the ordinary routine 
system, the more sugar he passed, and, consequently, the 
worse he became, the more restricted would have been his 
diet ; and I have little hesitation in saying that had such a 
line of treatment been pursued it is highly probable that ere 
now the case might have terminated fatally, for, as before said, 
at the time the lad came to the Hospital he was but a shadow 
of his former self, having lost 30 lbs. in a few months. 

I have now to contrast a case of diabetes arising from mal- 
assimilation in a female with that from excessive formation in 
the lady's case previously cited. The nearest in age happens 
to be a very bad case — I may say a hopeless one, for the 
disease was much too far advanced before the girl came to the 
Hospital to render it probable that she will ultimately recover. 

Sarah F., a milliner, aged 27, single, was admitted into 
University College Hospital on January 23, 1865. Has been 
an out-patient under Dr. Harley since December 9, 1864. 

History, — Father died of " dropsy ;" mother living (aged 
72), has always had good health ; has five brothers and sisters 
all healthy ; no history of phthisis in the family. Patient 
states that imtil the last twelve months she has always 
enjoyed very good health ; about this time (twelve months 
ago) she began to feel weak, and had a general feeling of 
malaise ; she lost her appetite, and since last August (when 
she weighed about nine stone) has lost three stone weight. 
Three or four months ago, a few days after receiving a great 
mental shock, she first noticed that she made a great deal of 
water (five pints in twenty-four hours) ; she could eat nothing 
at this time, but was excessively thirsty, and used to drink 
large quantities of milk and toast water ; lived chiefly on 
slops, arrowroot, &c. ; took no solid food whatever ; says " she 
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e enough in her mouth Co awallow." Her 
appetite lines she lias been ui out-patieDt has muteriallj' im- 
ptoved. Still thirsty. Patient is tall, but Tery thin ; skin dry, 
hsrah, and Fough; lips dryj fluali on cheeks ; no congh or 
night sweats : doea not sleep well of a night, but has no ptdn ; 
bowels very costiTe, will not act without medicine. Has not 
menstruated since last August, but Up to that time her couraea 
had come on too frequently — every fortnight or three weeks 
irregularly. Urine very light coloured; sp. gr. 1041; no 
albumen, but abundance of sugar. 

Put on ordinary bread diet, including chop, beef-tea, milk, 
custard pudding, brandy jij. 

Before coming under Dr. Harley'a care the patient had been 
treated dietetically. 

Prom December 1 2 until February 1 0, the patient took fifteen 
minima of tincture of cannabis Indica three times a da.y. She 
left the Hospital and became an out-patient again at her own 
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Mr. Cluff informs me that in both this and the preceding 
caae the analyses were always made on a sample of the forty- 
eight hours' uiine, consequently the results are of double 
value. No one will, I think, venture to aay any of these cases 
have been selected on account of their being favoiuable apeci- 
mena for treatment, for in reality they were just the reveiae. 
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Both of the two last cases had been considered perfectly hope- 
less by their respective Medical attendants, and yet we see 
that under a different line of treatment they both improved. 
The first one may ultimately get well ; the last I am not san- 
guine about, notwithstanding that the strength of the patient 
has considerably improved. When first brought to the Hos- 
pital, the girl was so weak as to require to be allowed a seat 
during her examination; whereas at her last visit she said 
she was able to walk to the Hospital, a distance of more than 
a mile ; but even that distance seemed to knock her up. 
There are three bad features in her case : — Firstly, the want 
of appetite ; secondly, the excessively costive bowels ; and 
thirdly, the large amount of urea passed considering the small 
quantity of food taken, (a) These four last-mentioned cases, I 
think, clearly illustrate the difference between diabetes result- 
ing &om excessive formation^ and diabetes arising from 
diminished assimilation, I have only now once more to re- 
mark that as far as dieting is concerned, the treatment of the 
two classes of cases is diametrically opposite. The chanoe 
of success will therefore be in direct proportion to the correct- 
ness of diagnosis. 

It ought always to be borne in mind that there are such 
things as acute, as well as, intermittent diabetes. First, as 
regards the acute form of the disease. 

Acute Diabetes, — ^Two remarkable examples of this kind are 
reported by Dr. Noble, (b) One case was that of a boy aged 
17, who died three days after the disease was discovered, and 
only a few weeks after he first felt ill. The other, a young 
lady, who died on the tenth day after the nature of her malady 
had been diagnosed. 



(a) I h*ve since heard from Mr. Clarke, of Gerrard-street, that this poor 
girl subsequently died while under his care, the most striking feature of 
her case being the impossibility of getting the bowels to act. 

(b) Brit. Med. Jour., Jan. 17, 1863. 



62 DIABETES MSLLITUS. 

Intermittent Diahetes. — In some patients, again* the peculiar 
condition of body inducing saccharine urine is not in constant 
operation, but comes and goes at irregular intervals. A well- 
marked case of this kind occurred in the practice of Dr. 
Bamsbotham, of Amwell-street, the particulars of which he 
has kindly furnished to me. They are as follows : — 

** A lady, aged 72, applied to me in September, 1860, in 
consequence of sore tongue and intolerable thirst, which at 
that time had existed for several weeks. The peculiar smell 
of the breath and increased quantity of the urine (four or five 
pints each day), induced me to suspect diabetes. On examina- 
tion, I found the specific gravity to be 1044, obtained a deep 
brown colour on boiling with caustic potash, and a copious 
red precipitate with sulphate of copper and potash. I gave 
mineral acids, with generous diet, omitting, as fsir as possible, 
all farinaceous food. By the end of a fortnight the specific 
gravity of the urine was under 1020, and without a trace of 
sugar. At the end of another fortnight the specific gravity 
became again 1044 and the urine loaded with sugar. This 
intermittent state continues up to the present period. The 
specimen of urine for the last twenty-four hours (November 26, 
1861) has a specific gravity of 1018, and does not contain 
sugar." 

Diabetes complicated with Other Disease, 

Having already seen how saccharine urine is frequently the 
Insult of other affections, I have now to point out how other 
diseases frequently arise from the want of stamina induced by 
the diabetic diathesis. This is more particularly the case with 
that form of affection resulting from defective assimilation, in 
which, to use an insurance office expression, " it is a bad life." 
As I said before. Front used to say of all diabetic patients, 
that they perpetually stood on the brink of a precipice. That 



CAUSING CATARACT. 63 

statement, though, still perfectly true, has been fortunately- 
stripped of some of its terrors, since physiology has taught 
us that, imder judicious treatment, the life of the diabetic may 
be made little inferior to that of patients labouring imder 
other chronic affections. Forewarned in this disease is truly 
forearmed, sO if the patient neglects the warning he has but 
himself to blame for it. 

Some few affections seem to be the direct effects of an excess 
of sugar in the circulation, others the indirect result of the low 
condition the excess induces, rendering the body imable to resist 
the inroads of disease. Thus Mr. France has called attention (a) 
to the frequency with which cataract is met with in the dia- 
betic, and relates cases of its occurrence at an early age — 30, 
and even 19 years. The characters of these cataracts are 
peculiar, — Firstly, they are symmetrically developed on both 
sides ; secondly, the lenses are increased in the antero-posterior 
diameter, so as to interfere with the free play of the iris ; thirdly, 
the opacity attacks different strata of the lens at once ; fourthly, 
the colour and bulk of the lens denotes its soft consistency ; 
and, lastly, they do not come on till after the renal malady 
has existed for some considerable time. Moreover, the eye 
ought in no case to be interfered with, unless the patient is 
completely blind, as these cases are not good for operation. 

The cause of these cataracts has been well explained by Dr. 
Richardson, (b) who was able to produce them artificially in 
animals. They arise from a physical cause — osmose — a 
tendency to equalise the density of the fiuids in the lens with 
those exterior to it, — in fact, the imbibition of sugar and the 
transudation of liquid from the lens. Chloride of sodium and 
other saline solutions produce the same effect. They are not, 
indeed, true cataracts, and the proper treatment is to cure the 



(a) Dub. Hosp. Qaz., May 1, 1859, p. 136. 

(b) Med. Times and Qaz., March 81 and April 21, 1860. 
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diabetes, not to extract the lens, which will become quite right 
of itself when the quantity of sugar in the circulation is reduced . 
Cases of diabetes are occasionally complicated with albu- 
minuria. In some instances the kidney disease supervenes in 
the course of the diabetes. One such case has already been 
mentioned ; another occurred to myself. The diabetic patient, a 
man forty years of age, was suddenly attacked with albuminuria 
and dropsy after exposure to cold and wet. The albuminuria, 
after a time, gradually disappeared; the dropsy likewise 
diminished, but the saccharine state of the urine remained. 
On the other hand saccharine urine occasionally makes its 
appearance in the course of albiiminuria. This I have fre- 
quently seen ; but then, the diabetic condition was not only 
trifling, but merely temporary, so that little importance 
need be attached to it. It may, however, become permanent, 
in which case, especially if the patient is aged, great fears for 
his safety are to be entertained. I shall presently relate a 
fatal case of this kind ; meanwhile, I may mention a most 
interesting one which recently occurred in the practice of 
Dr. Eastlake. The patient, a yoimg gentleman aged 12 years, 
had resided for a time at Calcutta. His urine, when I 
examined it, was four oimces in quantity, had a specifie 
gravity of 1012, was highly albuminous, giving a copious 
precipitate with heat and nitric acid, either separately or com- 
bined, and contained a considerable quantity of sugar. The 
urine, when boiled with potash, became brown, and gave off 
the odour of glucic and melassic acid. With sulphate of 
copper and potash, on the other hand (it mattered not which 
of these solutions was added flrst), a fine mauve, instead of a 
blue, liquid was obtained. On boiling, the mauve, as is usual 
in those cases, changed to a purple, then to a red, and lastly, 
a considerable quantity of sugar being present, a precipitate 
of the reduced oxide of copper was thrown down. 

On questiomng the patient and friends closely regarding 
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the origin of the disease, nothing more could be elicited than 
that his legs began to sweU about two years ago, and that on 
his urine being tested, it was found to be albuminous, there 
being not the slightest history of nephritis, either with or 
without scarlet fever. 

On carefiilly examining the abdomen the liver was found to 
be enlarged (3^ inches perpendicular to nipple), and tender on 
pressure. This led me to the idea that the albuminuria was 
secondary to the hepatic affection. As regards the sugar, I 
may mention that it does not seem to have been discovered 
until the patient came imder the care of Dr. Eastlake, which 
was some weeks previous to our consultation. 

The reason why I said that when sugar permanently appears 
in the urine in the course of albuminuria fears for the safety 
of the patient are to be entertained, is because it generally 
indicates a loss of vital energy, which, sooner or later, leads 
to a ffttal termination. Br. Quain has communicated to me 
an interesting case of this kind. The sugar first appeared 
three years after the albumen. The amount of the urine 
passed shortly before the patient's death being ten pints, and 
the specific gravity, in spite of the albumen, 1035. 

It may be laid down as a rule, as I have el8ewhere(a) 
pointed out, that the supervention of permanently saccharine 
urine, even when the amount of sugar is very small, in the 
course of any chronic disease, is invariably to be regarded as a 
most unfavourable symptom. It is not at all improbable that 
cases of albuminuria and diabetes may be met with in the 
human subject when these morbid affections are the simul- 
taneous result of nerve lesion. The reason I think so is, that 
I, like every other experimental physiologist who has worked 
much at this subject, have occasionally induced both albimiin- 
uria and diabetes in puncturing the fourth ventricle of animals. 

(a) *' On Jaundice and Diseases of the liyer," p. 70. 
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This accident has generally happened when the injury to the 
nerye substance has been made too high up. 

A curious case of cancer of nearly all the viscera, conjoined 
with albuminuria of one kidney and saccharine urine of the 
other, has been reported by Dr. Gibb,(a) the history of which 
is as follows : — 

A woman, aged 55, had been affected with cancer of the 
uterus for four years, and three years before two operations 
were performed for its removal. The disease, however, 
returned, and destroyed the neck of the uterus, the anterior 
wall of the vagina, and posterior part of the bladder, the urine 
dribbling from this general cavity for upwards of a year. She 
died on October 13, the left leg being in a state of gangrene. 
On examination after death, the limgs, pleura, and bronchial 
glands were found affected with cancer, the former containing 
distinct tuberculous masses as well, some as large as an egg. 
The liver weighed four poimds, and contained a number of 
circular cancerous tubercles. The spleen also contained a 
cancerous nodule. The right kidney weighed, with the fluid 
contained in its dilated pelvis, seven ounces and three-quar- 
ters ; the left, much smaller, weighed, with its fluid, three 
ounces. From both extended dilated ureters filled with urine. 
The urine in the larger kidney was of the specific gravity of 
1026, feebly acid, and contained sugar, as proved by the usual 
copper and other tests ; that in the left was of the specific 
gravity of 1015, neutral, and contained much albumen. The 
condition of the urine had imfortunately not been previously 
ascertained, as none could be obtained from the bladder 
during the last nine months of the patient's life. 

Diabetes may also be associated with chylous urine. From 
the observations of Dr. Babington,(b) indeed, it might almost 

(a) Path. Soc. Trans. ^ 1859. 

(h) Todd's " Cyclopeedia of Anatomy and Physiology : " article by Dr. 
Babington on the morbid conditions of the blood. 
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be concluded that a saccharine condition of the blood predis- 
poses to this disease, for many of the patients suffering from 
diabetes whose blood Dr. Babington examined were found to 
be suffering from that condition called piarrhccmia (milky 
serum). 

A few years ago I had the urine of one such patient sent to 
me for analysis by Dr. Charles Coote. The case, which was 
afterwards published by that gentleman, (a) was more than 
usually interesting, in consequence of its origin having been 
traced to psychical causes (mental anxiety), and from its having 
run a very rapid course. The ordinary symptoms of diabetes, 
such as thirst, and excessive flow of urine, only existed for 
three weeks. The average amount of water daily passed 
during that time was from five to six pints, and of a specific 
gravity of 1031-34. 

It has already been said that diabetes is often associated 
with two forms of inflammation. Boils and dangerous car- 
buncles are well known frequently to accompany it ; and now 
it would appear from a paper in the Union Medicate of 
February 28, 1861, that even gangrene occasionally arises in 
the later stage of diabetes. This is not at all incomprehen- 
sible, seeing the great derangement to the process of inter- 
stitial nutrition to which a supersaturated saccharine state of 
the blood gives rise. 

Lastly I have to call attention to impotence as a common 
accompaniment of diabetes, especially in men nearing or a 
little beyond the prime of life. Before me is the urine of a 
case of this kind now under treatment at the Hospital. The 
man, J. ^W., aged 50, was sent to me a few momhs ago on 
account of diabetes. This case having been a very favourable 
one of defective assimilation, imder a course of zinc as a tonic, 
the saccharine urine may be said to have entirely disappeared. 
At least, the sugar is now in such small quantity that for the 

(a) Lwncett September 8, 1860. 
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last six weeks it lias not been considered worth the trouble of 
a qnantitatiye analysis. Indeed, on the last occasion (two 
months ago) that a quantitative analysis was made, Mr. Cluff 
foimd it amoimt to only 1*2 grammes (I84 grains) in the 
twenty-four hours' urine. The patient is at present being 
treated for the impotence which began shortly after he dis- 
covered that he was diabetic, which is now six months since. 
During this period he has never had an erection, although he 
has several times had emissions during his sleep. 

Cases of this kind are not uncommon ; fortunately, however, 
there is one good thing ccmnected with them — ^namely, that 
after the saccharine urine is stopped the steady employment 
of a strong nervine tonic, such as strychnine, is generally suffi- 
cient to effect a cure. 

Treatment, — Like all intractable maladies, diabetes has had 
a great many specifics proposed for its treatment, and this is 
not surprising, seeing that the number of specifics generally 
increase in exact proportion to the irremediable character of 
the disease they are proposed to cure. I am not, therefore, 
going to take up time by even attempting an enumeration of 
the names, far less of the vaimted virtues, of the specifics for 
diabetes, but shall at once proceed to lay down a few of the 
general principles upon which my own line of treatment is 
founded. 

Fortunately, medicine is of much use in this affection; and 
although some cases, of course, are beyond all human aid, yet 
many — I might almost venture to say the majority — are, to 
some extent, under our control ; and although no one would 
venture to say that he can remove the malady, yet in almost 
every case we can substantially mitigate the more distressing 
of the symptoms, and render the patient comparatively com- 
fortable for the remainder of his life. Occasionally we have 
the satisfaction not only of finding the symptoms improve 
under treatment, but even the saccharine condition of the urine 
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entirely disappear. We must never, however, speak too 
sanguinely even of such a case, for a person who has once had 
diabetes is far from, being in the same condition as one who 
never suffered from the disease ; for, just as with insanity, no 
matter however perfect the lucid interval may be, there ever 
exists the danger of a relapse, so with diabetes, however long 
the intermission may be, there always remains the danger of a 
return of the affection. 

The two great types of diabetes, that due to exeeaaive forma- 
tion, the other to diminished aasimilation of saccharine matter, 
require, of course, as far as animal dieting is concerned, oppo- 
site modes of treatment ; for while in the former class of cases 
it is a most important — I might almost say an essential — 
adjimct to the other treatment, in the latter it is either detri- 
mental, or, at best, of no use at all. 

Even in the most favourable cases for restricted diet, we 
must never allow ourselves to be deluded into the idea that, 
because we are mitigating the symptoms, and reducing the 
amoimt of sugar in the urine, we are necessarily curing the 
disease, or we shall frequently be doomed to sad disappointment. 
In keeping a patient on restricted diet, we are merely with- 
holding from him the straw and mortar out of which the bricks 
are made — ^not removing the makers — so that, as soon as the 
straw and mortar is refurnished to them, they will again be found 
at work as actively as ever. It is true that it occasionally happens 
during the withdrawal of the straw and mortar the makers dis- 
appear ; but this, imfortunately, is by no means invariably or 
even frequently the case ; it is rather, indeed, the exception than 
the rule. We must therefore rely on other means for the removal 
of the makers. Of these other means I shall presently speak. 
Meanwhile, let me explain that by the term restricted diet we 
mean not only the avoidance of all sugars, and substances con- 
taining saccharine matter, but also of all kinds of food con- 
vertible during the process of digestion into sugar. The foods 
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conyertible into sugar in the digestive canal are those contain- 
ing starch (not gums), such as arrowroot, tapioca, sago, flours 
of. all the different kinds of cereals (wheat, barley, oats, peas, 
beans, etc.), potatoes, carrots, beetroot, parsnips, turnips, and 
other edible roots. 

Green yegetables, on the other hand, such as q[>inach, 
cabbage, turnip tops, Brussels sprouts, and lettuce need not 
be forbidden, as they contain too small an amount of starch 
to do much injury. 

As for animal foods, on the other hand, every imaginable 
kind of fish, flesh, and fowl may be indulged in, so that even 
on the most restricted diet the patient has stiLl a large margin 
for selection — beef, mutton, pork, venison, poultry, game, and 
wild fowl, oysters, lobster, crabs, prawns, salmon, cod, turbot, 
etc., Iceland and Irish moss, calf's foot or gelatine jellies, 
butter sauces, and salad oils. The only true hardship, in £BU$t, 
the patient suflers is the deprivation of ordinary bread, and 
that appears to be a more severe one than most people imagine. 
I have known patients in whom the craving became at last 
almost intolerable, as if nature were crying out for some 
indispensable element of food. In order to mitigate this 
hardship, a great number of plans of depriving bread of the 
forbidden element, starch, have been suggested, and many of 
them have been in a great measure successfcil. Thus, we 
have bran, gluten, almond, and glycerine breads and bisciiits 
constantly kept in stock by many of our London bakers, (a) 

After a time patients get very tired of these substitutes, so 
it is as well to know that we may occasionally indulge them 
with well done toast, or very crisp pulled bread, the extra 



(a) Blatchley's, 362, Oxford-street, N. ; Donges, Gower-street Nortb, 
W.C. ; Hill and Scm, 61, Bishopsgate-street, E.C. ; Van AI>bott8, 5, Princes- 
street, Cavendish-square, W. Persons in the country or any others who 
may desire to have the bread made at home may obtain pure gluten flour 
daily or weekly from Parsons,. Flet(dier, and Co., 22, Bread-street, 4.C. 
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heat having destroyed a considerable partion of the starch 
normally contained in the article. 

As regards drinks, all such as contain saccharine matter are 
to be avoided ; such, for example, as sweet sparkling wines, 
whether they be champagnes, moselles, or hocks. An embargo 
is also to be put on all liqueurs and fruity wines, such as 
young port, Roussillon, etc. ; sweet ales, stout, and porter are 
also to be shimned. If the patient is to be indulged in wines 
at all, let him have dry Lisbon, old Madeira, Manzanilla, or 
Amontillado sherries, Chablis, Niersteiner, or old Sauteme ; 
soimd clarets may also be indulged in. When stimulants are 
deemed requisite, brandy, whisky, rum, or Hollands may be 
used ; but these ought always to be employed with caution 
for the reasons previously given, when speaking of the arti- 
ficial production of diabetes by means of stimulants intro- 
duced into the portal circulation. 

All that has now been said regarding regimen has of course 
only had reference to that form of diabetes arising from excea^ 
8we formation. There are no restrictions either as regards 
food or drink requisite in cases springing from defective assimi- 
lation. On the contrary, the duty of the Practitioner is to 
select for his patient not only that which is most nourishing, 
but also that most easy of assimilation. He will often find, 
too, that such cases not only tolerate but even demand the 
free use of stimulants, in order to support the flagging vital 
energies, and enable the weakened organs to perform their 
work. I think if I were asked what is the best remedy for 
diabetes, I might venture to answer, in the language of Opie, 
when the student inquired what he mixed his colours with, 
" B&AiNS, Sib." For to say that any one remedy or particular 
line of treatment is sidtable to all cases of diabetes would be 
simply charlatanism of the worst sort. 

For example, when diabetes arises from a traumatic lesion 
of the nervous system^ it is not the symptom of saccharine 
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urine that we treat. It, we know, will disappear when the 
nerve-lesion is healed. All our energies are, therefore, 
directed to the hastening of the healing process. 

On the other hand, when the cause is not traumatic lesion, 
but disease of the nervous system, which we know is neither 
likely to disappear of itself nor by treatment — such, for 
example, as tumour of the pneumo-gastric nerve — our efforts 
are directed to the subduing of its effects. 

A similar remark is equally applicable to those cases where 
the source of irritation does not exist in the nerves themselves, 
but in the organs which they supply, as, for example, in 
diseases of the limgs, uterus, or stomach. When the cure of 
these is beyond our skill, we have still to try and mitigate 
their effects by the administration of sedatives. A certain 
amoimt of discrimination is, however, requisite in the selection 
of the sedative. When the source of irritation is in some part 
of the nerve centre, which it is not advisable to narcotise, 
cannabis Indica is, for uistance, to be preferred to opium. On 
the other hand, if it be deemed advisable to produce a sedative 
effect upon the brain, then opium would be the remedy 
selected. Again, should the seat of the disease be found to 
be situated in the pneumo-gastric nerve, conia is preferable 
to either of the preceding, as it possesses a special narcotic 
influence on that nerve. 

In another set of cases, again, when the digestive organs 
appear to be at fault, hydrocyanic acid or other remedies of 
that class may be employed. In fact, as before said, we must 
suit the remedy to the special case, and when we fail in finding 
benefit from any particular remedy, we must try the effects of 
a combination. For it will be constantly foimd that a mixture 
of drugs do good, although each had individually failed to 
make any favourable impression on the disease. 

As the majority of cases of diabetes are very chronic, we - 
can easily afford to test the value of the treatment by testing 
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the amotmt of sugar passed under each remedy, and change 
from one to the other until a decidedly beneficial result is 
obtained. 

In cases of diabetes from defective aaaimUation we find the 
same diyersity of treatment required. Some improre under 
the administration of ner^e tonics, such as strychnine and 
phosphoric acid, others are benefited by various preparations 
of iron, such as the sulphate, iodide, and citrate. Then again 
we find cases absolutely demanding the free use of both stimu- 
lants and sedatives. 

In fact, it is exceedingly interesting and instructive to 
glance over the various plans of treating diabetes which 
have proved successful in different hands. Thus we find that 
in one case M. Burquet found that from the first day of the 
administration of the protoiodide of iron the thirst diminished, 
the sugar disappeared, and the strength returned, (a) 

Denican again declares that he has successfully treated dia- 
betes by giving the patient equal parts of alum and extract of 
rhatany.(b) 

While Semniola speaks with equal confidence regarding the 
benefits of electricity in the Protean affection, (c) 

From all this we draw the important lesson that the disease 
is in no case to be treated by name, but according to its special 
requirements. 

In concluding these remarks, I must again insist upon the 
necessity of attending to the three following aphorisms : — 

1. In treating cases arising from defective assimilation by 
restricted diet, although the amoimt of sugar eliminated may 
be reduced, we but hasten the termination it is our desire to 
avoid. 

2. In no case ought we to trust to the specific gravity of the 



(a) American Med. Jour.^ January, 1857. 

(b) Qaz. Med. de Paris, No. 31, 1861. 

(c) Med. limes and Cfaz.^ NoYember 9, 18&1. 
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urine alone as an index to the amount of sugar passed, for it is 
an untruthful guide. 

Lastly, we must always bear in mind that in cases of 
diabetes of the second class {defective aaaimikUion) a decided 
and permanent improvement in the health of the patient is 
not inconsistent with a temporary rise in the elimination of 
sugar. 
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